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SECTION 1
INTRODUCTION

1.1 PURPOSE

The purpose of this document is to present Shuttle entry flight procedures
with sufficient rationale and supporting information to give the user a
good understanding of the crew task for this mission phase. This handbook
is intended primarily for use by flight crewmembers and training personnel
during follow-on to Shuttle systems training. This publication is written
using generic entry data and reflects the results of the STS missions and
also includes the essence of decisions of the entry flight techniques panel
and techniques developed in simulators.

1.2 SCOPE

The Entry Procedures Handbook covers the mission phase as follows:

o Deorbit burn

o Entry interface to Terminal Area Energy Management (TAEM) interface
0o TAEM

o Approach/landing to rollout

0 Post landing through crew egress

For each of the phases Tisted, this handbook includes a nominal sequence
of trajectory and system events and the interrelationship of the crew and
the Orbiter entry systems for flying and monitoring the event. It is as-
sumed that the crewmember is already knowledgeable about Shuttle systems.
The crew procedures for the entry flight phase may be found in a companion
document, Entry Checklist (JSC-12794).

This document is written under the authority vested in the Mission Operations
Directorate, Operations Division, for definition, development, validation,
and control of all crew procedures for Orbiter operations for NASA manned
missions, as specified by Space Shuttle Program Manager Directive 9A, dated
September 23, 1974.

1-1
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1.3 ABBREVIATIONS AND ACRONYMS

A/L
AA
ACN
ADI
ADS
ADTA
AGL
ALTM
AMI
AOA
APU
ARS
ASAP
ATCS
ATM
ATO
AVVI

BF
BFS
BOB
BRG
BU

c/0
C/W

CDI
CDR

DIP

Approach and Landing (Autoland)
Accelerometer Assembly

Ascension Island

Attitude Direction Indicator

Air Data System

Air Data Transducer Assembly
Above Ground Level (altitude)
Altimeter

Alpha/Mach Indicator
Abort-Once-Around

Auxiliary Power Unit

Atmospheric Revitalization System
As Soon As Possible

Active Thermal Control Subsystem
Atmosphere

Abort-to-Orbit

Altitude/Vertical Velocity Indicator

Body Flap

Backup Flight System
Best on Best

Bearing

Backup

Checkout

Engine cutoff

Caution and Warning

Course Deviation Indicator

Commander

Center of gravity

Crewmen Optical Alignment Sight

Continental United States

Critical Phase System Software

Cathode Ray Tube

Control Stick Limiter

Control Stick Steering

Coefficient of Lift

Rolling Moment Coefficient (lateral coefficient)

Change of rolling moment with respect to the change in side
slip angle

Pitching Moment Coefficient (longitudinal coefficient)

Yawing Moment Coefficient (directional coefficient)

Change of yawing moment with respect to the change in the
side slip angle

Digital Autopilot

Display Driver Unit

Dedicated

Deorbit, Entry, and Landing

Display Electronic Unit
Developmental Flight Instrumentation
Display Interface Processor

1-2
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DIR
DISP

HAC

HYD
I/F
IMU
IPL
JSL

KEAS
KSC

L/D

Direct
Display (function)

Data Processing System
Detailed Test Objective

Entry-to-Weight Ratio
Edwards Air Force Base

Equivalent Airspeed

Environmental Control and Life Support System

Emergency Ejection Suit

Entry Elapsed Time
Entry Interface
Entry Interface Time
End of mission

Electrical Power System

Eastern Test Range
Execute

Flight Aft-MDM
Feedback

Flight Control System

Feedback
Flight Forward-MDM

Flight Test Objective
Flight Test Requirement

Fuel Wasting
Forward

Ground Controlled Approach

Goldstone

Guidance, Navigation, and Control
General Purpose Computer
Glide Return to Landing Site

Glide Slope

Glide Slope Indicator

Guam

Heading Alignment Cylinder/Cone/Circle
Horizontal Reference Line

Horizontal Situation Display
Horizontal Situation Indicator

Head Up Display
Hydraulic

Interface

Inertial Measurement Unit

Initial Program Load

Jet Select Logic

Knots Equivalent Airspeed
NASA John F. Kennedy Space Center

Lift-to-drag

1-3
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LDG Landing

LRU Line Replaceable Unit
LVLH Local Vertical Local Horizontal
M Mach
MAN Manual
MCC Mission Control Center
MEP Minimum Entry Point
MET Mission Elapsed Time
MLS Microwave Landing System
MM Major Mode
MPAD Mission Planning and Analysis Division (JSC)
MPS Main Propulsion System
MS Moding Sequencing and Control
MSBLS Microwave Scan Beam Landing System
MVR Maneuver
NAVDAD Navigation-derived Air Data
NEP Nominal Entry Point
NFW Nonfuel Wasting
n. mi. Nautical Mile
NWS Nose Wheel Steering
0BS Operational Biomedical System
OFT Orbital Flight Test
OMS Orbital Maneuvering System
0PS Operations
osop Orbiter Systems Operating Procedures
oTT Optional TAEM Targeting
PAD Preliminary Advisory Data
PAPI Precision Approach Path Indicator
PASS Primary Avionics Software System
pbi Pushbutton indicator
PCMMU Pulse Code Modulation Master Unit
PL Payload
PLT Pilot
PREL Preliminary
PRI Primary
PRL Priority Rate Limiting
PRO Proceed
PTI Programed Test Input
RA Radar Altimeter
RCS Reaction Control System
RCVR Receiver
REL Relative
rf Radiofrequency
RGA Rate Gyro Assembly
RHC Rotational Hand Control
RM Redundancy Management
RPTA Rudder Pedal Transducer Assembly
RTLS Return to Landing Site
1-4
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S TRK
S/
SB
SBTC
SEC
SIT
SM
SPEC
SPI
SS
SSME
STDN
STS
SV

tacan
TAEM
TAL
TBD
TGT
THC
TIG
TPF
TPS
TRAJ
TRANS
TVC

UHF
upp

VREL
VSD

WONG
WOW
WoW
WP
WTR

Star Tracker

Software

Speed Brake

Speed Brake/Thrust Controller
Secondary

Situation

System Management

- Specialists (function)

Surface Position Indicator
System Summary

Space Shuttle Main Engine
Space Tracking Data Network
Space Transporation System
State Vector

Tactical Air Navigation
Terminal Area Energy Management
Transatlantic Abort Landing
To Be Determined

Target

Translational Hand Controller
Time of Ignition

Transfer Phase Final

Thermal Protection System
Trajectory

Transition

Thrust Vector Control

Ultrahigh Frequency
User Parameter Processor

Relative Velocity
Vertical Situation Displays

Weight On Nose Gear
Weight On Wheels
Worst On Worst

Way Point

Western Test Range

1.4 SIGNS AND SYMBOLS

a (alpha)
B (beta)
vy (gamma)
S (de]ga)
(psi)

=4

—

g
=
—

IAlV 1 A v

Angle of attack

Angle of side slip
Flightpath angle
Deflection angle

Rol1l angle

Azimuth

Greater than

Less than

Equal to

Greater than or equal to
Less than or equal to

1-5
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< I o

Approximately equal to
Degree ‘

Altitude

Vertical velocity
Vertical acceleration
Velocity

1-6
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SECTION 2
ENTRY FLIGHT DESCRIPTION

2.1 GENERAL

The entry phase of a mission comprises those activities that a crew per-
forms to prepare for deorbit, perform the deorbit burn, and fly the
Orbiter to the landing field. The phase begins with deorbit preparation
checkout procedures in the Deorbit Prep Book approximately 3:30 before the
deorbit burn and continues through crew seat ingress. The Entry Checklist
procedures begin after seat ingress and continue through the egress of the
crew after landing.

2.2 DEORBIT BURN OVERVIEW

Following seat ingress activities, the Commander (CDR) and Pilot (PLT)
copy updates to the Deorbit, Entry, and Landing (DEL) Preliminary Advisory
Data (PAD) and the Orbital Maneuvering System (OMS) PRPLT PAD; the CDR
loads the final deorbit target and maneuvers to the deorbit burn attitude.
During the remaining half hour before deorbit ignition, the crew config-
ures the Horizontal Situation Displays (HSD), checks the switch positions
for an OMS or Reaction Control System (RCS) burn, performs an OMS Thrust
Vector Control (TVC) gimbal check, performs the APU PRESTART, and tran-
sitions to MM 302. The GO/NO GO for the deorbit burn (and changes to the
target or pad data if required) is made during the last Space Tracking
Data Network (STDN) pass at Ascension Island (ASN) before the planned time
of ignition (TIG). The maneuver to the deorbit burn attitude from the
wing glove thermal conditioning 'top-sun' attitude is begun normally at
TIG-15 minutes. One Auxiliary Power Unit (APU) will be activated 5 min-
utes before deorbit ignition. At TIG-2 minutes, the crew exits the Entry
Checklist and performs the final preburn steps and the deorbit burn using
the deorbit burn and monitor cue cards.

The deorbit burn is planned to be a 2-OMS burn of about 2.5 minutes using
PEG 4 guidance and is performed in MM 302. Deorbit can be targeted for 1-
OMS deorbit or RCS deorbit before the burn. The capability also exists to
downmode or faultdown from 2-OMS to 1-OMS, 1-OMS to RCS, 2-OMS to 1-OMS to
RCS to complete the burn if engine failures occur during the burn. Some
system failures during the burn will result in the termination of the burn
and deorbit completion (shallow target) the next day if the failure occurs
above a safe perigee. Completion of the burn using backups of OMS propel-
lant starvation, AFT RCS propellant to the entry redline FWD RCS propel-
lant, prebank capability, and redesignation to Northrup (if targeted for
Edwards) will result if the failure occurs below a safe perigee. An OMS
propellant failure during the burn will not result in terminating the burn
unless the failure occurs at a perigee that is greater than the perigee
failure cue for that OMS pod (data from the DEL PAD).

At the completion of the burn, the crew can trim the residual delta ve-
locity (if required) using the Translation Hand Controller (THC). The
crew then exits the deorbit burn cue card, returns to the Entry Checklist,
and completes the postburn configuration. The CDR then transitions to

2-1
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MM 303 and maneuvers to the Entry Interface minus 5 minutes (EI-5) atti-
tude. The remaining time before EI-5 is spent performing a forward RCS
dump (if required for X c.g. control), starting the remaining APU's, re-
pressing the Space Shuttle Main Engine (SSME) hydraulic system, perform-
ing the hydraulic fluid thermal conditioning if required (FTO on STS-2),
checking or positioning switches for entry, conferring with the Mission
Control Center (MCC) during the Guam (GWM) coverage that begins about
EI-7.

2.3 ENTRY INTERFACE TO TERMINAL AREA ENERGY MANAGEMENT1

The entry phase is initiated by crew action 5 minutes before entry inter-
face (altitude of 400,000 feet) before any aerodynamic forces are sensed
and continues to the entry Terminal Area Energy Management (TAEM) inter-
face. The fundamental guidance requirement during entry is to reach the
TAEM interface (2500 ft/s, altitude of approximately 82,000 feet) within
specified 1imits on range (about 50 n. mi.) from the selected Heading
Alignment Cone (HAC) and with a velocity heading within a few degrees

of tangency with the HAC.

During a nominal entry, the Flight Control System (FCS) is in the AUTO
mode and then flight crew function is primarily one of monitoring the op-
eration and performance of the guidance, navigation, and control (GN&C)
systems. A simplified diagram of entry guidance js shown in figure 2-1.

The entry guidance system controls the entry trajectory by bank angle modu-
lation and reversals while flying a preselected angle of attack versus ve-
locity profile. The alpha profile is designed to be compatible with heat-
ing and stability constraints. 1In addition, angle of attack modulation is
used to control drag-to-drag reference under transient conditions such as
roll reversals.

Entry range is controlled by drag modulation, based on the predicted range
for a selected drag acceleration versus velocity profile. The drag-
velocity profile is chosen to conform with several limits, as shown in
figure 2-2.

Range predictions are based on solutions of the equations of motion for
drag profiles that are constant, linear, or quadratic functions of veloc-
jty. The drag-velocity profile is preselected by means of a mission-
dependent data load and is adjusted each guidance cycle to null any range
error.

The speed brake schedule is a fixed profile independent of the entry quid-
ance. The body flap is positioned by the autopilot so that the trim ele-
von position is a schedule function of speed and Orbiter c.g. position.

lEntry aerodynamics response maneuvers are not included in event dis-
cussions in this section.

2-2
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Figure 2-1.- Simplified entry guidance.
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Drag deceleration is controlled by vertical 1ift modulation, which is
accomplished by changing the magnitude of the bank angle, and crossrange
errors are limited by bank angle reversals.

The guidance for the entry major mode consists of five major phases shown
in figure 2-3 for nominal entry versus altitude. These five phases are
described in the following paragraphs.

IENTRY GUIDANCE PHASESI I

PREENTRY Pl}ASE
|

s00x 103

360

320

0.176 —i—

||

2 ) TEMPERATURE CONTROL
240 PHASE i

=4

280

ALTITUDE, FT

EQUILIBRIUM GLIDE PHASE

3
160
//ho/NSTANT @

/( DRAG PHASE
I
120 4 TRANSITION PHASE

O,

8o -

40

0 4 8 12 16 20 24 28 x 10
RELATIVE VELOCITY, FT/S

Figure 2-3.- Guidance for nominal entry.

2.3.1 Preentry Phase

The preentry phase is an attitude hold mode before atmospheric entry and
is an open-loop ranging phase ending at 0.176g (5.66 ft/s2). Vehicle at-
titude is maintained by all RCS jets to hold a constant bank of 00 and

400 angle of attack through the 400,000-foot entry interface. At 0.176q,
preentry is terminated and normally the temperature control phase begins.
For the extremely short-range case, preentry will be terminated and the
constant drag phase begins if the current constant drag level to reach the
target is greater than the desired constant drag level. Also, the tran-
sition phase will be initiated if relative velocity is greater than tran-
sition velocity.

2-4
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2.3.2 Temperature Control Phase

The temperature control phase is entered at 0.176g and is designed to con-
trol the entry trajectory through pullout to a temperature profile consis-
tent with the desired total entry profile shape and the required ranging
solution. The temperature control phase consists of two quadratic drag-
velocity segments that are selected to minimize surface temperatures and
maintain adequate dispersion margins. Range predictions are based on the
two quadratic segments. The temperature control phase is terminated and
nominally the equilibrium glide phase begins when the drag reference pro-
files for the temperature control phase and equilibrium glide phase con-
verge within limits and velocity is less than an I-loaded value or when
the velocity is less than the temperature control/equilibrium glide
boundary velocity. For the short-range case, the temperature control
phase is terminated and the constant drag phase begins when the constant
drag level to reach the target is greater than the desired constant drag

Tevel.

2.3.3 Equilibrium Glide Phase

The equilibrium glide phase provides a profile that has 1ifting forces
equal to gravitational forces and therefore altitude rate becomes con-
stant. It produces an equilibrium glide trajectory consistent with the
ranging solution until the trajectory intersects the constant drag (~33
ft/s2) trajectory required to reach the target. The equilibrium glide
phase is terminated and nominally the constant drag phase begins when the
desired constant drag level is reached. For the long-range case, the equi-
1ibrium glide phase transfers directly to the transition phase when the
predicted velocity at the intersection of the equilibrium glide and con-
stant drag phases is less than the transition phase initiation velocity.

2.3.4 Constant Drag Phase

The constant drag phase provides a profile shape consistent with the con-
trol system limits. During this phase, a constant drag level of approxi-
mately 33 ft/s2 is commanded. Range predictions are based on a constant
drag profile. The constant drag phase is terminated and the transition
phase begins when relative velocity is less than the transition velocity
and the drag reference is less than a predetermined drag level.

2.3.5 Transition Phase

The transition phase is based on a linear drag profile (as a function of
energy) that is required to null the range errors and is used to steer the
Orbiter to the proper TAEM interface conditions. The transition phase
logic consists of a linear drag-energy profile selected by ranging require-
ments. Control is transferred to the TAEM guidance when the TEAM inter-
face criterion (relative velocity < TAEM transition velocity) is met or by
crew action (OPS 305 PRO).

2-5
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2.4 TERMINAL AREA ENERGY MANAGEMENT

The TAEM phase of the entry mission phase is from the TAEM interface (ap-
proximate altitude of 82,000 feet, VREL 2500 ft/s) to the approach/landing
capture zone (approximate altitude of 15,000 feet, 288 knots equivalent
airspeed (KEAS)).

Glide range is controlled by flying to a nominal altitude and dynamic
pressure reference versus range profile which can be interpreted as an
energy over weight versus range profile. A typical TAEM energy plot is
shown in figure 2-4. Energy control is achieved by nulling out altitude
errors via the normal acceleration command and by nulling out dynamic
pressure errors when subsonic via the speed brake deflection command.
Additional energy control is achieved by limiting the normal acceleration
command based on an energy corridor formulated from a nominal energy ver-
sus range profile. Also, the normal acceleration command is constrained
by 1limits based on dynamic pressure to inhibit the vehicle from attaining
excessively high dynamic pressures and to optimize the vehicle's lift-to-
drag ratio during range 'stretch' maneuvers. If considerable excess en-
ergy exists, an S-turn maneuver is executed to dissipate additional ener-
gy. If the vehicle is faced with an extreme low-energy situation, the
guidance software sends out a message that requests that the crew switch
the HAC to the minimum entry point (MEP) HAC location. Crew action is
required to achieve relocation of the HAC. At either the nominal or MEP
HAC location, the crew can select a straight-in or an overhead HAC for
weather avoidance.

The inertial navigation and air data subsystems provide input data to the
TAEM guidance software. A groundtrack predictor routine estimates the
groundtrack distance to runway threshold. This range prediction is used
to determine the altitude, altitude rate, and dynamic pressure references.
A simplified diagram of TAEM guidance is shown in figure 2-5.

For all guidance phases (S-turn, acquisition, heading alignment, and pre-
final), the normal acceleration command is driven by an error signal based
on the reference altitude and altitude rate errors. The speed brake com-
mand is generated from the dynamic pressure error during subsonic flight,
while during supersonic flight, the speed brake command is a constant
angle of deflection.
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On the lateral axis, if the guidance is in the S-turn phase, a roll angle
command of 500 (300 if supersonic) is input to the FCS. If the guidance
is in the acquisition phase, a roll angle command is given that is pro-
portional to the Orbiter heading deviation from tangency to the selected
HAC; the HAC's are used for a final turn to align the Orbiter to the run-
way. In the heading alignment phase, the roll angle command is generated
to ensure that the Orbiter performs a turn that follows the heading align-
ment spiral. The spiral is the ground plane projection of the cone.

In the prefinal approach phase, the roll angle command is generated from
a linear combination of Orbiter lateral deviation and deviation rate from
the runway centerline.

The FCS provides the interface between the guidance system and the Orbiter
aerodynamic control surfaces. The inputs from the guidance system to the
FCS are (1) normal load factor command, (2) speed brake command, and (3)
ro11 angle command. The commanded load factor fis achieved by operating
the elevons symmetrically using normal acceleration and pitch rate feed-
back in the FCS. The speed brake is operated directly by the speed brake
servos in the FCS. The roll angle command is achieved by operating the
elevons differentially using roll attitude and roll rate feedback in the
FCS. The body flap is controlled by the autopilot to maintain elevon trim.
Typical flightpath geometry for the TAEM phase is shown in figure 2-6.
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2.5 APPROACH AND LANDING

The approach and landing guidance/control phase takes over with completion
of the TAEM guidance/control phase between 10,000 feet and 5000 feet and
ends when the vehicle comes to a complete stop on the runway. Approach
and landing is divided into five flight phases.

A. The TRAJECTORY CAPTURE phase starts at the TAEM interface and con-
tinues to guidance lockon to the steep glide slope.

B. In the STEEP GLIDE SLOPE phase, the Orbiter is tracked in elevation
and azimuth.

C. In the FLARE AND SHALLOW GLIDE SLOPE phase, the glide angle is reduced
in preparation for landing.

D. In the FINAL FLARE phase, the sink rate is reduced to near zero for
touchdown.

A typical approach and landing trajectory is shown in figure 2-7.

The approach and landing phase begins with the termination of the TAEM
phase and ends with wheel stop. The approach/landing guidance automati-
cally acquires and maintains the vehicle on an approach trajectory from
TAEM guidance termination to touchdown. Normal acceleration, roll atti-
tude, and speed brake-position commands are issued for the FCS to maintain
the specified trajectory while the vehicle is airborne. Yaw rate and
wings-level roll-attitude commands are issued during flat-turn, touchdown,
and rollout to track the runway centerline. During all phases, the
Orbiter state vector is updated by the navigation subsystem. In the
approach phase, the state vector computation is augmented by additional
information from the microwave landing system data. Autoland guidance
commands are issued concurrently with the FCS operating in the Control
Stick Steering (CSS) mode in the pitch and/or roll/yaw axes. A sim-
plified diagram of approach/landing guidance is shown in figure 2-8.
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2.6 ENTRY NAVIGATION

The navigation system used during entry consists of an Inertial Measure-
ment Unit (IMU) and navigation aid data. The navigation aids available
are an air data system, navigation-derived air data (NAVDAD), tacan sys-
tem, a Microwave Scanning Beam Landing System (MSBLS), a possible ground
state vector update based on C-band ground tracking data, altitude up-
dating, and a radar altimeter.

Three IMU's maintain an inertial reference and provide delta velocities
(AV's) that are used in the state propagation equations to update the
estimate of the onboard state. Three different state vectors are propa-
gated until MSBLS measurements are incorporated. After this point the
IMU data average midvalues are selected and combined with any external
data in NAV filter.

The air data transducer assembly provides barometric altitude, Mach num-
ber, dynamic pressure, angle of attack, true airspeed, equivalent air-
speed, and pressure altitude rate. These data are available after air
data probe deployment, which occurs around Mach 5, and until landing.

The NAVDAD principal software function provides air data parameters based
on navigation-supplied data. Navigation-derived air data parameters pro-
vided are dynamic pressure, equivalent airspeed, and Mach number. The
remaining navigation-derived air data parameters (angle of attack, veloc-
ity magnitude, altitude, altitude rate, drag acceleration, and side slip
angle) are provided by the navigation, attitude processor, or user parame-
ter processor. Navigation-derived air data are needed during entry as in-
puts to the guidance, flight control, and dedicated displays. After the
crew has manually transferred to the Air Data System (ADS), the navigation-
derived data are used as a backup data source.

Tacan provides range and bearing measurements. These data are available
beginning at an altitude of about 156,000 feet. The data will be assessed
by the crew and the ground-support personnel, and it is estimated that nom-
inally the crew will proceed to accept data incorporation into the state
vector before an altitude of 138,000 feet. Ground assessment requires
S-band TM and voice communications to be established. Thus, tacan data
will be available from this point on until MSBLS acquisition or until

1500 feet if the MSBLS is not available.

The MSBLS provides range, azimuth, and elevation measurements. The range
and azimuth measurements are provided by the ground antenna located at the
end of the runway and to the left of the runway centerline. Elevation
measurements are provided by the ground antenna to the left of the runway
centerline and approximately 2000 feet from the runway threshold. MSBLS
acquisition is expected to occur at an altitude of approximately 20,000
feet.

The capability to update the onboard state vector after communications
blackout with a ground solution of the state corrections is also avail-
able. The ground solution of the state corrections or deltas requires
that the ground solution of the Orbiter state be converged and the onboard
estimate of the state be available on the ground. The ground estimate of
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the Orbiter state is derived by processing C-band tracking data. Deltas
between the ground-computed state and the onboard state are computed and
propagated to a specified future time. These deltas are then uplinked to
the Orbiter in runway coordinates. The update to the onboard state is ex-
pected (if required) to occur around an altitude of 150,000 feet.

Drag altitude is derived from IMU AV, a Cp as a function of Earth-relative
velocity curve fit and four-layer approximation of the 1962 Standard At-
mosphere. Drag altitude is incorporated when the drag acceleration is
greater than 11 ft/s¢ (altitude of approximately 240,000 feet) and termi-
nated on a navigated altitude of 85,000 feet or when barometric altitude
is available, whichever occurs first. Errors are introduced into the drag
altitude through platform misalignments, nonstandard atmospheres, and
winds. The misalignments cause errors in the AV's, which, in turn, are
used in the algorithm and cause errors in the drag altitude. Nonstandard
atmospheres cause errors in drag altitude because the algorithm assumes
the atmosphere is a 1962 Standard Atmosphere. Winds introduce errors be-
cause the algorithm requires an estimate of angle of attack to evaluate
Cp.- The estimate of angle of attack is derived from the onboard estimate
of Earth-relative velocity, which does not include the effects of winds.

Radar altimeter data will.be available at an altitude of approximately
5000 feet.

The crew management of the onboard navigation system is contained in sec-
tion 5.2.
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SECTION 3
ASSUMPTIONS, GUIDELINES, AND CONSTRAINTS

This section presents the generic guidelines and constraints baselined by
Level II that are used in generating the entry operational profile. Flight-
specific constraints are contained in the Flight Requirements Document for
each flight.

3.1 DEORBIT

When selecting the nominal deorbit revolution, the following will be con-
sidered:

Guidance maneuvers

Crew work/rest cycle

Landing lighting

Postdeorbit communication and tracking
Entry Flight Test Objective (FTO) phasing

O O0O0OO0O0

The deorbit maneuver will nominally be performed using two OMS engines

but because of targeting and guidance flexibility, the capability will
exist to downmode to a 1-OMS configuration during the burn. Specifically,
the TIG and target will be selected so that if one OMS engine fails at TIG
(or any time later in the burn), the deorbit maneuver can be successfully
completed using the remaining OMS engine. The targeting will be such that
the delta velocity (AV) used for deorbit is the same whether the maneuver
is performed with one or with two OMS engines.

In addition to satisfying the entry velocity, flightpath angle, and range
requirements, the deorbit maneuver may include an out-of-plane component
to achieve an acceptable Orbiter entry interface c.g. and weight.

3.2 OPERATIONAL CONSTRAINTS

The uncertainties and translation effects of systems venting, aerodynamic
drag, and the RCS after initiation of the tracking sequence for deorbit
maneuver computation and state vector determination will be minimized con-
sistent with reasonable operations techniques.

Maximum AFT RCS propellant consistent with mission objectives and c.qg.
considerations will be maintained for descent control. The redline for
nominal deorbit will be the amount necessary to accomplish the descent
with entry FTO's and process the two AFT RCS failure case without FTO's.

During atmospheric descent, the Orbiter c.g. will be maintained between
65.0 and 67.5 percent in the longitudinal direction and equal to or less
than 1.5 inches laterally. These c.g. constraints must be met with al-
lowances for c.g. uncertainties. Postdeorbit forward RCS dumps are al-
lowed for nominal, Abort-Once-Around (AOA), and Abort-to-Orbit (ATO) c.g.
control.
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The Orbiter entry weight will be minimized by reducing remaining consum-
ables, such as OMS and RCS propellant, consistent with reasonable opera-
tions techniques.

3.3 DESCENT PROFILE

The environmental model used in determining the nominal descent profile
will be the appropriate mean monthly atmospheric model as defined by the
Four-D Global Reference Atmospheric Model for orbit inclination < 570,

For larger orbit inclinations, the atmospheric model is TBD. The environ-
mental model for the nominal profile simulation will not include winds.

The descent profile will use standard I-load sets that are designed to
accommodate the range of weight and balance data expected on operational
flights.

The nominal end of mission (EOM), Transatlantic Abort Landing (TAL), AOA,
and ATO have the same angle-of-attack profile during entry as follows.

o Alpha equals 400 for Eastern Test Range (ETR) returns.
o Alpha equals TBD for Western Test Range (WTR) returns.
o An alternate profile for emergency returns will be available.

The entry profile will be shaped to achieve a balance between the Thermal
Protection System (TPS) surface and bondline temperatures and Orbiter
structural temperatures. This balance will include allowances for aero-
dynamic heating and trajectory dispersions. Selection of the entry pro-
files will include consideration of sonic boom ground-level overpressures.

The profiles for EOM, AOA, ATO, TAL, and Glide Return to Landing Site
(GRTLS) will be designed for an overhead approach to the runway. Addi-
tionally, the nominal descent profile will be designed so that postblack-
out runway redesignations and HAC downmoding can be accomplished.
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The descent profile will be shaped to conform with the following dynamic

pressure constraints (table 3-I).

TABLE 3-I.- DYNAMIC PRESSURE CONSTRAINTS

Mach Dynamic pressure, Constraint Comment
psf
NOM  GRTLS
M >5.0 300 (375) Structural Constant
5.0 2 M 2 3.0 342 (375) Flight control Constant
(3.2)

(3.2) 3.0 2 M > 2.5 342-280  (300) Guidance/flight Linear
control ramp
2.5>M2 2.0 280-275  (300) Guidance/f1light Linear
control ramp

2.0>M > 1.0 275  (320) Guidance/flight Constant

control
M<1.0 340  (340) Guidance Constant

The minimum dynamic pressure will be restricted to a value that keeps the

vehicle's 1ift/drag (L/D) on the front side of the L/D curve.

The TAEM and Optional TAEM Targeting (OTT) profile will be compatible with
manual and automatic modes of operation.

Additionally, this dynamic pressure will allow the TAEM/approach and land-
ing interface constraints to be met in the presence of severe (March Sec-

tor 3) headwinds.

the initiation of a manual approach.

Aero maneuvers will not be executed during the following:

0

0
0

0

Guidance major mode switching

Initial bank maneuver to capture the drag profile
Bank reversals, including damping of phugoid after completion of the

maneuver

The energy control will provide conditions suitable for

Aborts (AOA is an exception for auto Programed Test Inputs (PTI's))

The GRTLS angle of attack for the alpha recoVery phase will be 500 to
optimize the pullout angle of attack and the normal load factor command
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for the load relief phase will not exceed 2.29. The pitch rates during
the alpha recovery phase will be limited to 2 deg/s.

The GRTLS profile will be shaped to achieve benign atmospheric entry con-
ditions by minimizing the max q (< 375 psf) and by optimizing the pullout
angle of attack experienced during the load relief phase.

Approach and landing is initiated at an altitude of approximately 10,000
feet and 285 KEAS. The steep (outer) glideslope will nominally be 199
with 170 used for the heavy weight vehicle (weight > 220,000 1b). The
nominal aimpoint for the outer glideslope will be 7500 feet with 6500
feet used for the high headwind condition (wind velocity (Vw) > 20 knots).
The flare to the shallow (inner) glideslope will be initiated at an al-
titude of 2000 feet. The inner glideslope angle will be 1.50 with a run-
away aimpoint of 1000 feet. The nominal maingear touchdown point will be
between 2500 and 3000 feet. The nominal touchdown speed will be designed
to provide a 3- to 5-second margin above tailscrape for worst-on-worst
combinations of low-energy dispersions. The body flap will be retracted
at an altitude of 10,000 feet. The speed brake will nominally be re-
tracted at an altitude of 2500 feet.

3.4 LANDING SITES AND LANDING CONSTRAINTS
Daylight landings are preferred; however, night landings are acceptable
to satisfy mandatory payload requirements or operational considerations.

Preferred lighting conditions at landing are as follows.

o Planned return day and one day flight extension to the prime landing
site - land between sunrise and sunset.

o A1l other return opportunities - land between 15 minutes prior to
sunrise and 15 minutes after sunset. (Ref. PRCBD S21040.)
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SECTION 4
DEORBIT OPERATIONS

4.1 DEORBIT BURN PROCEDURES

4,1,1 Deorbit Procedures Sequence

The sequence of deorbit events referenced to Time of Ignition (TIG) or to
Entry Interface (EI) are listed in table 4-I. Each event, discussed on
the following pages, lists the event, the onboard cue and/or display for
monitoring, the crew action required, and a discussion of the event.

TABLE 4-I.- SEQUENCE OF DEORBIT PROCEDURES

Time (min) Event Discussion,
page

44 Final Deorbit Update/Up1link
24 OMS TVC Gimbal Check
APU Prestart
Horizontal Situation Configuration
OMS (RCS) Burn Preparation
Vent Door Close
TIG - 21 Deorbit Update/Uplink (If Required)
GNC OPS 302 PRO
TIG - 20 GO/NO GO for Deorbit Burn
TIG - 15 Maneuver to Deorbit Burn Attitude
TIG - 3 Single APU Start
‘ Deorbit Burn
OMS (Deorbit Burn) Cutoff
OMS/RCS POSTBURN Reconfiguration
Postburn Status
GNC OPS 303 PRO
Maneuver to EI-5 Attitude
OMS Gimbal Powerdown
10 Forward RCS Dump
Entry Switch Check
ETl - 13 Remaining APU's Start
SSME Hydraulic System Repressurization
El - 11 Hydraulic Fluid Thermal Conditioning
ET - 20 Burn Report
State Vector Change
Pin Removal
g-Suit Inflation

TIG
TIG

-h-h-bh-lb-b-b-h-h

[
1
DN WNO

El

hbbhhbhhb?hbhbhhhb
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EVENT CUE DISPLAY

Final Deorbit Update/Uplink Seat ingress com- DEORB MNVR
plete COAST
MIL AOS
CREW ACTION

1. UPLINK - ENA (panel C3) to allow uplink (required for OPS 1 and OPS 3).

2. Commander and pilot copy voice updates to the DEL PAD and OMS PRPLT
PAD while the ground uplinks PASS and BFS state vectors and targets,
and a BFS GYRO/ACCEL (if required) during coverage at MIL and BDA.

3. On MCC GO:
Execute the LOAD (Item 22) and the TIMER (Item 23) on the DEORB MNVR
display.

4. Check PASS and BFS targeting results per DEL PAD.
DISCUSSION

After seat ingress, a deorbit target (normally for PEG 4 rather than PEG

7) is loaded by keyboard execution of the LOAD item on the DEORBIT MNVR
COAST (EXEC) display in MM 301 (or MM 302). The target input parameters
can be uplinked from the ground or input to the display by the crew. Exe-
cution of the LOAD item effects onboard calculated results of target param-
eters of inertial attitude, targeted HA and HP, TFF, REI, AVTOT, body VGOs,
and TG0 ; and provides fly-to ADI error needles for the burn attitude.
Execution of the TIMER item starts the CRT timer counting down to the TIG
shown on the DEORB MNVR display.

The Deorbit, Entry, and Landing (DEL) PAD (fig. 4-1) is used to validate
the uplinked target input by providing expected results of the input. If
the results are not satisfactory or the uplink fails, the ground can voice
up the entire target input and expected executed results by using the MNVR
PAD (fig. 4-2).

The OMS PRPLT PAD (fig. 4-3) provides crossfeed cues in either AVTOT or
percent of OMS quantity, or both, that are applicable to the deorbit burn
engine configuration and propellant situation expected at ignition.

A 'reasonable' deorbit target solution can be verified by inspecting the

displayed guidance-calculated values of AVTOT, TGO, and the body VGO's (x,
¥y, z), as follows.

0 Eor ? OMS engines burns, 2 X TGO (sec) is approximately equal to AVTOT
fps).

o For 1 OMS engine burns, TGO (sec) is approximately equal to AVIOT (fps).
o For RCS burns (four +X jets), TGO (sec) is about 1.7 times AVTOT (fps).
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DISCUSSION - Concluded

o The nominal deorbit burn AV requirements (STS-1, Cycle 2) were as fol-
lows when the burn was optimized for RCS.

Burn In-plane AV, AVTOT, Total OMS
mode fps fps propellant, 1b
2 OMS 280.5 292.4 5600
1 OMS 271.9 292.4 5600
+X RCS 268.5 268.5 6035
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EVENT CUE DISPLAY

(MS TVC Gimbal Check DEORB MNVR COAST

CREW ACTION

1. Select SEC L and R gimbal systems (EXEC ITEMS 30 and 31).
2. Perform OMS TVC gimbal check (EXEC ITEM 34).

3. Monitor for down arrows or M's.

4. Select L and R PRI gimbal systems (EXEC ITEMS 28 and 29).
5. Perform OMS TVC gimbal check (EXEC ITEM 34).

6. Monitor for down arrows or M's.

7. Select good gimbal if down arrows or M's.

DISCUSSION

The OMS TVC gimbal check is performed identically for 2 ENG and 1 ENG
burns. Although in the 1 ENG burn one OMS engine is not used during the
burn, it should be stowed with the good engine after the deorbit burn.

During the gimbal test, the crew can verify indicated motion of the gim-
bals from displayed values, but they will have to depend on RM to display
down arrows to indicate that the proper values of pitch and yaw have not
been attained (i.e., gimbal check failed). Usually, the gimbal test will
be monitored by the MCC for proper performance. No requirement existed to
perform the check over a ground station, but it was scheduled for the ACN
pass for STS-1. Since STS-2, the gimbal check has been performed during
S-band data coverage.
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EVENT CUE DISPLAY
APU Prestart

CREW ACTION

1. Check or configure the appropriate switches on panels R2 and R4 so
that the APUs can be started with a minimum number of switches.

2. Cycle the APU FUEL TK VLVs.
DISCUSSION

The only switch position in this procedure that is undesirable if the APUs
are not started and the deorbit burn is not performed is the HYD MAIN PUMP
PRESS LOW. The LOW position draws power and the switch should be returned
to NORM if the deorbit burn is going to be accomplished one or more orbits
later.

The APU FUEL TK VLVs are cycled to check the ready-to-start talkback be-
fore the loss of S-band coverage. The expected talkback is gray when the
fuel tank valves are opened. A barberpole talkback indicates that an APU
is not ready to start because of pump pressure, Ho0 boiler controller, fuel
valves, GG temperature, or turbine speed. Knowledge of a problem may allow
the ground to advise the crew of a solution and avoid landing one orbit or
one day later than desired.
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EVENT CUE DISPLAY
Horizontal Situation Configuration HSD
CREW ACTION

Check the HSD configuration in the PASS and BFS.
DISCUSSION

The Entry Checklist shows a check on display items rather than the pre-
viously required 'EXECs' necessary to achieve the desired configuration
that was different from some of the currently initialized values. For
normal deorbit, these 'EXECs' were performed preburn in the beginning of
the Entry Checklist (previously in the PDP); but for AOA deorbit in the
Ascent Checklist, the same configuration was desired but required 'EXEC's'
postburn only because of the lack of time before the deorbit burn.

ADTA to G&C data are set to INH (inhibit) in the PASS and to AUTO in the
BFS. Assuming that the PASS does not fail, the inhibited data will be
analyzed during entry before being set to AUTO, and thus, further changes
to the BFS HSD would not be required. If the PASS fails before these data
have been incorporated, then the BFS HSD should be configured 1ike the
PASS rather than the BFS and the inhibited data would then be set to AUTO
after analysis as is planned in the PASS.
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EVENT CUE DISPLAY
OMS (RCS) Burn Preparation None Panel talkback

CREW ACT ION

Verify the switch positions on panels 07 and 08 for an OMS deorbit burn
or configure the valves on panels 07 and 08 for an RCS deorbit burn.

DISCUSSION

For the nominal deorbit burn, the OMS propellant is planned to be burned
in equal amounts from each OMS pod using both OMS engines. However, pos-
sible propellant feed conf igurations for the propulsive modes are as fol-
lows.

2 ENG - Left pod feeds left OMS engine, right pod feeds right OMS
engine.

1 ENG - ‘Good' OMS engine uses its own propellant initially, then a
crossfeed is made during the burn to use the failed engine's
propellant. If the 1 OMS engine deorbit burn is a deorbit com-
pletion burn following an earlier 'Leaking OMS PRPLT Burn' that
was performed to lower the perigee (to approximately 95 n. mi.)
the 'good' OMS engine could be started in a mixed XFEED config-
uration (if necessary for Y c.g. management) and manually recon-
figured to complete the deorbit burn on its own propellant, or
the engine would use its own propellant for the entire deorbit
burn.

RCS - Both left and right aft RCS pods use left OMS propellant initial-
1y (arbitrary choice), then right OMS propellant for the second
part of the burn.

Unbalanced PRPLT - The burn is started normally and each OMS engine uses
propellant from its respective pod for about 10 sec-
onds to establish normal operation. Then both of the
engines are supplied by the 'heavy' pod until the im-
balance is eliminated, at which time the engines are
returned to the normal feed condition to complete the
burn. This method would be used if both OMS engines
are operable and the postburn Y c.g. would have been
too great if the normal 2 ENG burn was used.

Mixed XFEED - If a propellant failure (tank or line) occurs in the oxi-
dizer or fuel system of one pod, that pod's OMS engine is
considered failed and the burn is started with the other
OMS engine using oxidizer from one ped and fuel from the
other. During the burn, the propellant system can be man-
ually reconfigured, if desired, to feed the engine from
its own pod so that the Y c.g. is balanced as much as pos-
sible.
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DISCUSSION - Concluded

Burn preparation procedures require different valve/switch positions de-
pending on whether the burn is planned to be accomplished by 2 ENG, 1 ENG,
or RCS. The intent of the deorbit burn preparation is to configure the
OMS and RCS plumbing so that the preburn and downmode configurations are
as similar as possible and to minimize the steps or number of valves/
switches that must be changed when required to downmode or crossfeed OMS
propellant during a burn. These steps are shown in the combined use of
the deorbit cue cards, which are discussed in detail in section 4.2, DE-
ORBIT BURN CUE CARDS.
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EVENT CUE DISPLAY
Vent Door Close GNC 51 OVERRIDE

CREW ACT ION
The vent doors are closed by the crew's execution of ITEM 23 on the GNC
OVERRIDE display. The vent doors are closed for entry except when a Tleak

has occurred in the OMS or RCS propellant tanks or the OMS or RCS helium-
pressurization systems.
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EVENT CUE DISPLAY

Deorbit Update/Uplink ACN AOS at ~TIG-22 DEORB MNVR
(If Required) (1ast uplink COAST

coverage before

deorbit burn)

CREW ACTION
1. UPLINK - ENA (panel C3) to allow possible uplink.

2. Commander and pilot copy voice updates to the DEL PAD and OMS PRPLT
PAD if changed from the final update, while the ground uplinks PASS
and BFS state vectors and targets if a change is required from the
final targeting data.

3. On MCC GO:

Execute the LOAD (ITEM 22) and the TIMER (ITEM 23) on the DEORB

MNVR display.

NOTE: The LOAD and TIMER items should be executed to provide the
best match of state vector and target even if an uplink is
not required to change the target input data.

4, Check PASS and BFS targeting results per DEL PAD.
DISCUSSION
MCC changes to the deorbit target from the final uplink/update at MIL/BDA

are not expected but the LOAD should be executed as discussed in the pre-
ceding note.
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EVENT CUE DISPLAY
GNC , OPS 302 PRO CRT DEORB MNVR COAST

CREW ACT ION
GNC, OPS 302 PRO
DISCUSSION

The transition from MM 301 to MM 302 is not time critical except that it
must be completed before deorbit TIG because the OMS engine's ignition in
OPS 3 occurs in MM 302 only. This necessary transition has been a proce-
dural trap, especially in a simulation environment when several deorbit
burns that were initialized in M 301 were run in a relatively short pe-
riod of time. The only cue to being in MM 302 other than the '302' at the
upper left of the CRT display is that the DEORB MNVR COAST title changes

to DEORB MNVR EXEC. This procedural trap should be eliminated by the bold-
face 'GNC, OPS 302 PRO' entry in the Entry Checklist and by having a check
on MM 302 shown at the top of each Deorbit Burn cue card.
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EVENT CUE DISPLAY

@ /NO GO for Deorbit Burn ACN coverage before

deorbit burn
(T1I6-22 to TIG-16)

CREW ACTION

Agree with MCC on the following:

1.

Deorbit target data (DEL PAD)

2. Entry and landing data (DEL PAD)

3. OMS PRPLT XFEED cues (OMS PRPLT PAD)
4, OMS and RCS systems status
5. APU fuel quantity and APU activation times
6. Adjustments to entry procedures as required
DISCUSSION .
The GO/NO GO decision for the deorbit burn is expected during the ACN sta-

tion coverage before deorbit TIG. The remaining time before the deorbit
burn is intended for the crew to complete the following procedures or
checks that are necessary if the burn is to be performed but would not be
appropriate to perform earlier. A last chance for a GO/NO GO decision nor-
mally exists at ~TIG-6 at the BOT coverage (UHF) but is a backup only.

1. Maneuver to deorbit burn attitude

2. Copy last OMS PRPLT PAD data on Deorbit Burn cue card
3. APU Start

4., MS seat ingress
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EVENT CUE DISPLAY

Maneuver to Deorbit Burn TIG-15 and final de- DEORB MNVR
Attitude orbit target loaded EXEC
and checked

CREW ACTION

At TIG-15, maneuver (manually or automatically) from the top Sun wing
Tove thermal conditioning altitude to the deorbit burn inertial attitude
?shown on the DEORB MNVR display).

DISCUSSION

Maneuvering to the deorbit burn attitude is accomplished by item execution
or by use of the RHC, which currently in the TRANS DAP has modes of AUTO
(0.5 deg/s), DISCRETE DETENT (3.50 deadband), DISCRETE RATE (0.5 deg/s),
ACCEL, or PULSE (no deadband) during coast in OPS 3 (MM 301 through MM 303).
The fly-to error needles will null at the deorbit burn attitude regardless
of the position of the ADI ATTITUDE switch, but the attitude shown on the
DEORB MNVR display is an inertial attitude that corresponds to the read-
ing on the ADI when the error needles are nulled and the switch is in the
INRTL position; i.e., the desired attitude can be attained by nulling the
fly-to error needles with the ADI ATTITUDE switch in any of the three po-
sitions, but the ADI attitude and the DEORB MNVR display attitude will be
the same value only if the switch is in the INRTL position. The OPS 3
RELMATS originally planned for the deorbit burn on STS-1 were meaningful
for the deorbit burn attitude, but the decision to maintain a 'STAR BALL'
RELMAT and discontinue routinely uplinking relmats left only the unbiased
LVLH as a meaningful body-related reference for deorbit. .

At one time, the deorbit burn for STS-1 was planned to be a propellant-
wasting burn of almost 4 minutes. This amount of propellant wasting was
required to meet X c.g. limits for the baselined OMS propellant tank fail-
ure loading. Later, the OMS propellant tank failure was ruled out for
loading purposes and the baselined STS-1 deorbit burn was planned to be
almost in plane. The Cycle 2 nominal deorbit burn was targeted for a 2
OMS burn with 170 wasting (5600 pounds of propellant to be burned of which
only about 200 pounds was wasted) for a burn duration of 2 minutes and 26
seconds. Any AV shortages resulting from propellant system failures must
be solved by alternate means. The nominal STS-2 deorbit was planned to be
in plane and still require a forward RCS propellant dump to manage the X
c.g. of the Orbiter. As payloads were added, the trend has been to mini-
mize the OMS loading to the extent that RCS deorbit on OMS propellant does
not exist, and any desired wasting can be accomplished in plane by adjust-
ing the TIG preburn.

Once the deorbit burn attitude is attained, adjustments to the attitude
should be avoided to conserve RCS propellant unless the target input is
changed during the ACN coverage. The ADI roll error needle must be nulled
immediately before TIG to maintain the preburn calculated inertial atti-
tude during the burn.
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EVENT CUE DISPLAY
Single APU Start Deorbit TIG - 3 min  BFS, SM SYS SUMM 2

CREW ACTION
Perform APU start
DISCUSSION

In early STS-1 planning, the APUs were to be started 2 minutes before
deorbit TIG to ensure APU operation before entry. Also, APU operation is
necessary for performing the SSME hydraulic system repressurization and
the hydraulic fluid thermal conditioning tasks between deorbit cutoff and
EI. However, the hydraulic fluid thermal conditioning was deferred to
STS-2. The APU fuel budget was a prime concern because early studies
showed an insufficient amount of fuel for STS-1. ATlthough the earlier
Entry Checklists procedures showed that all three APUs were started at
deorbit, TIG-3 minutes, one possible alternative considered was to start
two APUs before deorbit TIG and the third APU closer to EI. If the situa-
tion required that the APUs be started late, then the most likely time
would be at EI-5 minutes.

For STS-1, two APUs were started at TIG-3 and were operated in the depres-
surized mode until EI-5. After pressurizing the two operating APUs at
EI-5, the third APU was started and operated at normal pressure. On STS-2,
one APU was started at TIG-3 minutes and the remaining APUs were started
at EI-12 minutes and all three were pressurized at that time. This latter

method has become the standard.

During the OFT program, the DFI PCM recorders were positioned to continu-
ous record before the APU start because of the requirement to record all
APU operations and other entry data post EI.
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EVENT CUE DISPLAY

Deorbit Burn EXEC flashes DEORB MNVR EXEC
- at TIG - 15 ADI
sec ADI ERROR NEEDLES

TIG at 0 on BFS, GNC SYS SUMM
CRT timer OMS PRESS Pc
oMS QTY
C&W

CREW ACTION

1. Perform the deorbit burn using either the Deorbit Burn (2 ENG), the
Deorbit Burn (1 ENG), the Deorbit Burn (RCS), the Unbalanced PRPLT
Deorbit Burn, or the Deorbit Burn (MIXED XFEED) cue card with the
Deorbit Burn Monitor Card.

2. Monitor ADI/ADI error needles for attitude control, OMS gimbal fail-
ure, and OMS engine failure.

3. Monitor OMS PRESS Pc (panel F7) and CRT displays for OMS engine fail-
ure, OMS system failure, and gimbal failure.

DISCUSSION

Normally the deorbit burn will be flown in AUTO using both OMS engines.
The MANUAL OMS TCV is a proportional O to 2 deg/s in all three axes. At-
titude deadbands for OMS burns are 50, 1000, and 1000 in roll, pitch, and
yaw, respectively, and the rate upper deadband is 2.05 deg/s in all three
axes. If the deadband in attitude or rate is exceeded during the burn,
the OMS TVC gimbal system will be assisted by the RCS. The OMS engines
are gimbaled to control the attitude in all three axes for a 2-0MS burn,
and the one operating OMS engine is used for pitch and yaw control (roll
must be controlled by the RCS) for a 1-OMS burn. For an RCS-only deorbit
burn, the attitude deadband in all three axes is 30 (with DAP in discrete)
and the burn is flown manually using the RHC for attitude control, and the
THC for thrusting with the four +X aft RCS jets.

If an OMS engine fails during the deorbit burn, the OMS ENG switch of the
failed engine must be repositioned from ARM/PRESS (or ARM) to OFF to ob-
tain the proper guidance parameters and repositioned ADI error needles for
the remaining OMS engine, or for RCS if the second OMS engine fails. OMS
propellant crossfeed cues are voiced to the crew before the burn for the
conf iguration in which the burn is started. These cues are given in AVTOT
or OMS gage percent, or both, depending on the OMS/RCS configuration. For
a detailed discussion of the deorbit burn, see section 4.2, DEORBIT BURN
CUE CARDS.
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EVENT CUE DISPLAY

OMS (Deorbit Burn) Cutoff TGO =0 DEORB MNVR EXEC
AVTOT = 0
CUR HP =
TGT HP
CREW ACTION

1. Position OMS ENG switches to OFF following purge or as backup for OMS
engines failing to cut of f when commanded or anticipated.

2. Release THC if RCS deorbit burn or RCS completion of deorbit burn.

3. Trim burn residuals to less than 2 fps in each axis for the normal
steep target and to less than 0.5 fps for a shallow target.

DISCUSSION

If the OMS engines cut off normally when the target has been achieved, a
sufficient amount of time (usually 2 seconds) is allowed for purge comple-
tion before repositioning the OMS ENG switches from ARM/PRESS to OFF. The
purge is the normal followup for OMS engines cutoff but the purge would
not be mandatory for the deorbit burn because it is the last use of the
OMS engines for the mission. Purging is required between burns only if
sufficient time has not elapsed since the previous burn.

Positioning the OMS ENG switches to OFF is the backup for failure of the
engines to cut of f when anticipated; that is, the crew is monitoring the
current HP approaching the targeted HP, TGO approaching zero, and AVTOT
approaching zero. If TGO goes to zero and the OMS engines do not cut off
(chamber pressure zero and engine valves closed), the OMS engine switches
are repositioned from ARM/PRESS to OFF to stop the overburn.

If cutoff occurs before the required velocity is expended to achieve de-
orbit targeting and insufficient OMS propellant exists to achieve the
AVTOT remaining, this UNDERBURN condition can be corrected to some extent
by ARCS, FRCS, and the use of prebank from the prebank table that shows
the recovery prebank (roll) in degrees versus the magnitude of the UNDER-
BURN in AHP (the current HP minus the targeted HP). If the UNDERBURN mag-
nitude exceeds the RCS and recovery prebank capability, then the landing
at EDW can be redesignated to a landing at NOR (with the use of a reduced
recovery prebank assuming the redesignation to NOR).
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EVENT CUE DISPLAY

OMS/RCS Postburn Reconfiguration Deorbit burn com-
plete and trimmed

CREW ACTION

Reposition or verify the positions of OMS and RCS switches/valves.

DISCUSSION

Following a nominal deorbit burn or a deorbit burn in which engine or pro-
pellant systems failures have been encountered, the crew must reposition
or verify the positions of the OMS and RCS switches and valves to the de-
sired entry configuration.

To conserve tape (during OFT), the DFI wideband mission recorders were
placed in standby following the OMS burn and then to continuous record
again before EI, unless there was a recorder requirement for an FTO be-
tween the burn and EI. The wideband recorders were required to be in con-
tinuous record for OMS engine burns and from EI through rollout for the
entry phase.
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EVENT CUE DISPLAY

Postburn Status Deorbit burn DEORB MNVR
complete or EXEC
shut down ADI

CREW ACTION

1. Record either that the deorbit burn was nominal or the ATIG (the
anount of time that OMS ignition was late).

2. Report to MCC as 'BURN REPORT' during upcoming STDN coverage.
DISCUSSION

A ATIG is the only requirement for reporting the burn status, but the crew
would 1ikely report any failures that occurred when out-of-station cover-
age, if the burn was not performed or had been shut down with HP > safe

HP, or that an UNDERBURN had occurred. In the event of no OMS ignition or
a shutdown with the current HP > safe HP, the crew should return to MM 301
and then confirm the correct configuration of the OMS and RCS with the MCC.
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EVENT CUE DISPLAY

GNC, OPS 303 PRO Postburn data DEORB MNVR
recorded EXEC
ADI
CREW ACT ION

GNC, OPS 303 PRO
DISCUSSION

The transition to MM 303 initiates stowing of the OMS engines (unless the
gimbal has been selected OFF) and provides fly-to ADI error needles for
the FI-5 minute attitude. The deorbit target data shown on the DEORB MNVR
display in MM 301 and MM 302 blank and the I-loaded values of roll, pitch,
and yaw that are displayed under BURN ATT are the inertial values equiva-
lent to a 00, 409, 00 LVLH MM 304 attitude at EI-5 minutes. These atti-
tudes can be changed directly by the crew through the keyboard but must

be supplied by the MCC.
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EVENT CUE DISPLAY

Maneuver to EI-5 Attitude MM 303 DEORB MNVR COAST
ADI error needles
ADI

CREW ACTION

Maneuver to the EI-5 minute attitude using the RHC or by executing the
item for an auto maneuver.

DISCUSSION

With the 'GNC, OPS 303 PRO' command, the crew obtains error needles and an
inertial attitude on the DEORB MNVR COAST display that is equivalent to a
09, 409, 0° (R,P,Y) LVLH attitude in MM 304 at EI-5 minutes. The crew has
the capability of an automatic or manual maneuver to this attitude.

The INRTL ADI attitude position is shown in the checklist for maneuvering
to the FI-5 attitude and will show values that will be the equivalent of
a pitch up of about 135° from a nominal two-engine deorbit burn attitude.

If the crew wishes to verify the approaching 00, 400, 00 LVLH attitude at
EI-5, they may do so by selecting the LVLH position at, for example, EI-
15 and expect a reading of 09, 3590, 00 on the ball that will pitch at
orbital rate into 00, 400, 00 at EI-5 and simultaneously serve as an ana-
log clock for the approach to EI-5. A table is provided in the Entry
Checklist that shows the time to EI in minutes versus the desired LVLH

pitch in degrees.
For an underburn, the inertial values that appear in the BURN ATT fields
jn MM 303 will be incorrect and the attitude must be adjusted by flying to

the LVLH pitch versus Time to EI shown in the table. The prebank required
by the UNDERBURN is achieved before EI but after the transition to MM 304.
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EVENT CUE DISPLAY
OMS Gimbal Powerdown DEORB MNVR COAST

CREW ACTION

Verify that the OMS engines are in the stow position and then turn off the
gimbal power by executing the GMBL OFF Items (32 and 33).

DISCUSSION

The transition to MM 303 commands the OMS engines to their stow positions.
To preclude a single-point TVC failure from moving an OMS engine away fram
the entry stow position during the entry phase, the TVC power is turned
of f, and the OMS engines will be held in place by the mechanical no-back
feature of the gimbal systems. This crew action is a procedural work-
around for a flight software DR that will power the TVC off in MM 304

and MM 305.
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EVENT ' CUE DISPLAY
Forward RCS Dump DEORB MNVR COAST

CREW ACTION

Dump a specified amount of FWD RCS propellant, if required, for Orbiter
X c.g. control.

DISCUSSION

The amount of propellant to be dumped is determined by the crew (if no
com) using the HP41C calculator, the c.g. wheel (see section 4.10), or
read from the DEL PAD if calculated preburn by the MCC. Control of the
dump with the four forward yaw jets by the crew is through FW RCS ARM

and DUMP Items (36 and 37) and the OFF Item (38). Because of 0V102 RCS
tank constraints on helium ingestion, the jets could be on for a maximum
of 50 seconds and then were of f for 40 seconds before the next ON command.

For OV099, a swirl diffuser was added to the FRCS that enables the FRCS
dump to be accomplished in a continuous burn.
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EVENT ' CUE DISPLAY
Entry Switch Check GNC 51 OVERRIDE

CREW ACTION

Check or configure entry re]ate& switches in the forward station.
DISCUSSION

The purpose of the Entry Switch Check is to ensure the positions of the
most critical forward station switches for entry. Essentially, all of
these switches were configured during deorbit preparation Entry Switch

Verification at one and a half hours before the deorbit burn, and this
final check following the deorbit burn is for only a selected few.

4-26

ENT/4a/FP2



EVENT CUE DISPLAY
Remaining APUs Start BFS, SM SYS SUMM 2

CREW ACTIONS

Start the two APUs at ~EI-13 that were not started before the deorbit
burn.

DISCUSSION

The APUs are started using START/RUN or START ORIDE/RUN as required and
(for STS-2), if less than three APUs were operating, the HYD FLUID THER-

MAL CONDITIONING FTO would have been deleted.
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EVENT CUE DISPLAY

SSME Hydraulic System APUs activated
Repressurization

CREW ACTION

1. Open MPS/TVC ISOL VLV 2.
2. MWait 10 seconds.

3. Close MPS/TVC ISOL VLV 2.

4, Repeat the sequence for MPS/TVC ISOL VLV 3.
DISCUSSION

SSME repressurization is performed to ensure the correct stowing of the
main engines for entry. Movement of the engines is not expected when the
MPS/TVC VLV SYS 2 and 3 are opened, but opening the valves does ensure
that possible voids will be eliminated in the MPS ATVC actuator caused by
contraction of the hydraulic fluid that was warmed during the ascent phase
and cooled during the on-orbit phase of the mission. Originally, the re-
quirement was to repressurize only the outside main engines on deorbit re-
hearsal day and make the procedure optional for deorbit day. Repressur-
jzing the outside main engines required cycling of MPS/TVC VLV SYS 2 only.
The current method is to repressurize all three main engines on deorbit
day only. MPS/TVC isolation valves 2 and 3 will be cycled for 10 seconds
each, sequentially, to achieve the repositioning of all three main engines.

At one time the MPS engine power was turned on and the MPS He ISOL B
valves were opened for this procedure to prevent the main engine valves
from opening when the hydraulic system pressure is applied. The latest
procedure has eliminated cycling engine power and the left MPS He ISOL B
valve. Opening of the main engine valves would result in contamination
during entry.
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EVENT CUE DISPLAY

Hydraulic Fluid Thermal MCC call DEORB MNVR COAST
Conditioning , HYD MN PUMP BFS, SM THERMAL
PRESS in NORM GNC SYS SUMM 1
following de- SPI
orbit burn
activities
CREW ACT ION

1. Execute SURF DRIVE ON item on DEORB MNVR display.
2. Monitor aerosurface cycling.

3. Execute SURF DRIVE OFF item on DEORB MNVR display when 5 minutes have
elapsed.

DISCUSSION

The thermal conditioning of the hydraulic fluid is accomplished by cycling
the aerosurfaces by execution of the SURF DRIVE ON item on the DEORB MNVR
COAST display. Motion of the aerosurfaces can be monitored on the GNC SYS
SWMM 1 display and the SPI, and actuator temperatures can be monitored on
the BFS, SM THERMAL display. Although the expected actuator temperatures
did not warrant this fluid thermal conditioning on STS-2, the task was
scheduled for a minimum of 5 minutes to collect conditioning performance
data in response to FT0 244-1, Hydraulic Fluid Conditioning. The purpose
of the test is to validate the technique of using aerosurface cycling to
warm hydraulic fluid adequately to provide proper response rates for vehi-
cle control through the entry and landing phases. Since original approval
of the DTO for STS-1, the task was dropped from STS-1 and was performed on
STS-2. The thermal conditioning task is not performed by the crew unless
requested by MCC.
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EVENT

Burn Report

See Postburn status discussion, page 4-21.

4-30

ENT/4a/FP2

~



EVENT CUE DISPLAY
State Vector Change HSD

CREW ACTION
Change the downrange component of the state vector, if required.
DISCUSSION

The downrange effect of the postdeorbit burn state vector can be changed
in a short form method by adding a AT on the HSD in the PASS (Item 18?,
loading the AT value (Item 16), and then transferring this altered state
vector to the BFS and loading it with the BFS HSD (Items 17 and 16).
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EVENT CUE DISPLAY
Pin Removal HSD configuration
complete
CREW ACTION
Remove and stow the Panel Jettison T-Handle Pin.
DISCUSSION
When 0V102 had ejection seats, the seat pin removal procedure was per-
formed before EI, rather than during the more dynamic entry phase, to re-

duce the necessary action for ejection to the pulling of the D-ring. The
procedure has since been reduced to removing and stowing the T-handle pin.
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EVENT CUE DISPLAY

g-Suit Inflation

CREW ACTION

Load 1.5 so that the proper pressure is available if the crew requires
g-suit inflation.

DISCUSSION

Placing the activation valve to ON (if required) pressurizes the g-suit
to prevent blood pooling in the lower extremities.
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4.2 DEORBIT BURN CUE CARDS

Since aerodynamic entry follows irreversibly after deorbit, the deorbit
burn must leave the Orbiter in a safe entry configuration. The burn in-
volves three factors.

4,2.1 Burn Target

Achieving the proper burn target (position, velocity, and flight path
angle) is a goal common to all OMS burns, but for deorbit the consequence
of a small error can be a large increase in Orbiter thermal load rather
than just an error in the achieved orbit.

4,2.2 RCS Propellant Consumption and Balance

The procedures for all OMS burns attempt to save RCS propellant to provide
max imum reserve for entry flight control. During the deorbit burn, how-
ever, not just the total remaining aft RCS propellant quantity is impor-
tant, but the net forward-aft balance, because of the effect of the X c.g.
on flight control stability. Hence, the usage of OMS propellant, aft RCS
and forward RCS propellant must all be considered for their impact on the
Xc.q.

4,2.3 OMS Propellant Balance

The deorbit OMS burn is the final opportunity to correct any sizable Y
c.g. offsets. Y c.g. trim is accomplished by altering the amounts of OMS
propellant burned from each side, using crossfeeding.

The special deorbit burn requirements in all these three factors lead to
more complicated burn procedures and a larger number of cue cards than for
other OMS burns.

4.3 DEORBIT FLIGHT RULES

The complex deorbit burn requirements are reflected in a number of flight
rules covering deorbit burn situations. Flight rule 4-33, on entry plan-
ning, contains the criteria used for c.g. planning and for choosing off-

nominal deorbit procedures if necessary. It is worth studying this rule

in detail to understand the rationale behind many of the deorbit cue card
procedures.

A separate cue card (fig. 4-4) containing selected deorbit flight rules

is placed above the PLT's ADI prior to the deorbit burn. The four columns
at the right show the possible responses to failures. Preignition, a one-
orbit, or as much as a l-day delay is allowed to respond to failures. Of
all the pre-TIG failures listed requiring delaying the burn, only the
failure of both OMS engines to ignite is listed specifically in the burn
cue card, since at TIG the crew will be following this cue card and should
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BURN
CARDS

DEORBIT BURN FLIGHT RULES

ALL VEH/D/BAS

. PRE TIG____[POST.T1G
Delay (max ) | Stop
FAILURE One | One | One Burn,
Orbit| Day | Day [>Safe HP
One-Orbit Late Available YES | YES | NO
APU/HYD
| First 2 APUs fail to start.cccefeeXeofocooafeaX

DPS
Redun set fail or GPC splitScce|cecoc|eeXea|ceXeo]ooosX
1 GPC or FA,FF (except FF4).eea|..X
BFS......;..."Q'I.“......‘... ®oeeoe .Cx.. .Cx
ECLS :
1 Freon LOOP.cceccccscccacssoasaak
2 Av Bay Fans in Bays 1 or 3...}..X
2 Av Bay Fans in Bay 2.cccceecefecccosfocXeofeoX
ELEC
2 MN BUS@S.ccococccccccccscscas]|occoofookeolaoKaoloooak
GNC
IMU Dilemma.cecccccccaccns eoceofocecsfookeafecKeoloasak
2 IMUS.ececoccccsccce R I P 9 N
3 ADTAS.ccccceces cecesccssscsas D SR P . ¢
2 AAs, RGAs (If BFS NO GO)eoceofoeXeclooooafeaX
MECH
Port PLBD LimitS.ccoceccccccas elecces eoXeolooX
OMS
Prplt Tank (DEL PAD/BURN CARD).|eeXeelovecocfoaXao]ooesX
Ignition (neither eng ignites).|..XeelecacefecX
Both OMS Eng Fail.ceeccecescescosooe]occanfoacealenask
Prplt Lk after ACN..cccccccese .|..perigee adjust
AFTRCS
2 jets, same direction,

same pod...... R Y |
Prplt Lk after ACN...ceeeceoene 0 P PO Y

Figure 4-4.- Deorbit burn flight rules.
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not have to look elsewhere to find the time-critical Auxiliary Power Unit e
(APU) shutdown instruction. ()

Part of the deorbit Preliminary Advisory Data (PAD) is a value for 'safe
HP'. This is the perigee above which the Orbiter can stay in orbit for
~24 hours and is a decision point for what course of action to take in

the event of certain failures (i.e., whether to continue or stop the burn).
The reason for having a variable 'safe HP' is that the 'safe' perigee
value depends on the apogee (HA), which varies from mission to mission

and according to mission phase. Typical values of HA and safe HP are: PRI

80 nominal)
87 post-0MS 2)
103  (ATO)

HA
HA
HA

150, safe HP
130, safe HP
105, safe HP

After the burn has started, only four failures are considered serious
enough to stop the burn.. Of course, if HP < safe HP, the burn must be
completed in any case because the Orbiter is too low to stay in orbit.

The three systems failures (PASS SET FAIL, IMU DLMA, and loss of 2 MN DC
BUSES) are listed explicitly in the DEORBIT.BURN MONITOR cue card. The
propel lant failure burn completion criteria are contained in the gray OMS
PRPLT FAIL section of the DEORBIT BURN cue card. Hence, once the burn has
started, the crew should never have to refer to the deorbit flight rules
cue card. A1l necessary information for the duration of the burn is con-
tained in the BURN and BURN MONITOR cue cards.

4.4 PREBURN

While the crew has the onboard capability of calculating the Orbiter c.g.

and determining how to trim it if necessary during the burn, these calcu-

lations will generally be done by the MCC. MCC will advise if one of the

special procedures 1ike an unbalanced propellant or a mixed crossfeed burn
is necessary.

The ground will also calculate and advise the crew how long ignition can

be delayed after TIG and still maintain downmoding capability in achieving
the target. This time should be written down by the crew in the space pro-
vided on the '-:15' line on whichever DEORBIT BURN cue card is planned to
be used.

-:15 EXEC (NO EXEC > TIG + | [:] I 1)

One APU is started prior to the deorbit burn. (This is accomplished in
the checklist procedures before the crew starts using the cue cards.) If
the engines cannot be ignited, the deorbit burn must be delayed; hence,
there is an of f-nominal gray instruction just below the ':00' line to shut
down the APUs if there is no OMS ignition. Normally, only one APU is
started before the deorbit burn, but the cue card says 'APUs' to allow for
the possibility in an of f-nominal situation of having turned on more than
one. :

* If no OMS ignition, APUs - SHUT DN *
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Note that if only one engine ignites for a planned two-engine burn, then
the burn is continued via the gray OMS ENG FAIL procedure. Also, if both
engines fail after having ignited, the burn is continued via the gray RCS
completion procedure. The point of the APU shutdown procedure, however,
is that the RCS completion procedure is not used if both OMS engines fail
to ignite at TIG. The reason for delaying the deorbit burn is to give MCC
a chance to recalculate the burn targets and troubleshoot configurations
and procedures with the hope of effecting an OMS engine deorbit burn on
the next orbit. If an RCS burn is required, the X c.g. calculations must
be redone using the reduced Isp of the +X RCS jets compared to the OMS
engines, which requires more propellant consumption for a given AV. Ob-
viously, if the OMS engines fail 10 seconds after TIG, the situation is
not much different, even though the cue cards then call for completing the
burn. However, the cue cards cannot be optimized for all possible fail-
ures. If an OMS engine is bad to start with, the chances are highest that
it will fail to ignite properly. If it ignites properly, then its failure
probability is probably fairly constant throughout the burn. The cue card
procedures recognize these facts and attempt to achieve the best burn re-
sults with the most probable failures, avoiding at the same time any cata-
strophic failure possibilities.

4.5 2 ENG DEORBIT BURN

DEORBIT
BURN
(2 ENG)

4.5;1 Nominal

For a nominal two engine OMS burn (fig. 4-5), the crew does nothing more
than configure switches and depress 'EXEC' before ignition and place the
OMS engine switches in OFF after cutoff. The AV (X and Z) residuals are
trimmed (if required) with the THC to at least < 2 fps after the OMS en-
gine cutoff.

CUTOFF
Trim X,Z residuals < 2 fps (< 0.5 fps if shallow TGT)

Flight rule 4-36 indicates that trimming to 0.5 fps is highly desirable
after all deorbit burns to minimize Thermal Protection System (TPS) mar-
gins. The deorbit cue cards only specify trimming to < 0.5 fps with a
shallow target, because in this case the TPS stress is higher than for a
nominal deorbit, and the desirable margin becomes required.

The Deorbit Burn Monitor cue card (fig. 4-6) is included for completeness,
but thorough explanations of preburn switch/value configuration, the De-
orbit Burn Monitor cue card, and the other OMS burn cue cards can be found
in OMS Cue Cards Procedures Rationale, August 1981, by Jeff Hoffman/CB.
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|+ ::HOOK::

::| DEORBIT |:::HOOK::::|0V099/

: VELCRO“ :|] BURN |::VELCRO:::|DEORB/
R :| (2 ENG) l:::::::::::kBAS3
ov099/ /MA302 ° GMS BOTH CNTCR PWR (two) - ON
DEORB/  Enter TGO + 5 sec _
“/TRIM: P +0.0, LY -5.7, RY +5.7

BAS 3

/DAP - AUTOTPASS /OISCT "

ADT - LVLH/HI/MED

L,R OMS He PRESS/VAP ISOL A (two) - OP,then GPC®®
B (two)
T16-2 OMS ENG (two) - ARM/PRESS °* |

I

- Gee *r

-:15 EXEC °°
:00 TIG °°

|
(NO EXEC > TIG + N I N

(/Pc, aVTOT, ENG VLVs; start watch)
, * Tf o ST igmt‘lon, A?u HIT DN
*ORS: PRPLT FML. :

* ok % ® H %

“When fc <« 80%, 2nd QNS ENG -« OFF
. CompTete RCS (PRALT FAIL)

OMS ENG FAIL {(CONTINUE BURN)
ailed NG - CFF

ed

ANY OMS PRELT. FA!L. : G
f HP > ‘ , safe HP: APUs - SHUT o

f

%, safe HP: I'cnect to

go“a’ CHMS PRPLT

_ THC +X (/C%S % vs RCS Burn Time}
5 AFT RCS RECCNFIG ‘ Iy

THC +X to TG HP or 1ot AET QTY 1 i

1 CUR HP o PRL #P | |

15 XFEED at -
I R 172 of avror; P
CS COMPLETION: 8t mg ',_. b

» FRCS to PRI Site

T A

{
| ! .
1f CUR HP » PRI HP % | and < 8/U HP é E”
FRCS TO 8/U Site | [ —L P
. MCR WP B i s THC #X to =)
PR ——— B/U HP |
* or TOT AFT QTY 2 ; FRCS to B/U 33tz *
v *
L MR to <X ATT (pitch up at 3°/sec to VG0z =,
. THE -X (+)1/4 mrror) N
. BOTHOMS ENG FAIL: : .
* OMS Eu‘\) - 0?1' *
* Interconnect 045 to QCS .
* THC +X {/0MS % vs RIS Burn Time} N
L OMS TK SW. *
. THC~+X (/GMSCi vs. RCS Burn Time) .
CUTOFF ** : —-‘r—|
+:02  OMS ENG(s) - OFF*" (If < 3 ImU, at LD,

* AFT RCS RECORFLIG

if INTE PCDHN*C}' :

Trim X,Z residuals < 2 fps (< 0.5 f

ps if shallow)

Figure 4-5.- Deorbit burn (2 eng) cue card.
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|:::HOOK::::| DEORBIT |:::HOOK::::|0V099/
|::VELCRO:::| BURN  |::VELCRO:::|DEORB/

[ssssseczsis| MONITOR [:::::::::::|BAS 3
OMS Pc LOW [
OMS + and
ENG VLY 1 or 2 < 70% OMS ENG FAIL
oM ¥ad —
ENG VLV 1 and 2 > 70%
and
FU and OX TK_P»185 | OMS PRPLT FAIL ___ __
<185 | Burn to Pc=72%, then OMS
PRPLT FAIL
No OMS + Sensor Fail
OMS TEMP ‘
FUINP >232 [ OMS ENG FAIL _ __ _
197 | TomsTeRelT FAIL
p 198-231 SENSCR FAIL
OMS OX/FUTKP
0X & FULOW _ _ — -t He PRESS/VAP (two) - OP_
0Xx LOW Burn to OMS ¥, then OMS
| PreTEAIL
FULOW He PRESS/VAP ISOL (two) - CL
Burn to OMS ¢+, then OMS
o leeuTRAL_
0X & FU RIGH CycTe He to maint
QMS TK P 234-288
OMS GMBL 1st FAIL | Select SEC GMBL___ _
2nd FAIL If control problems or
high RCS fuel usage:
Affected OMS ENG - OFF
XFEED if AVTOT > 20
PASS SET FAIL
or Safe HP:
IMUDLMA HP > “_L} Stop burn, APUs - SHUT ON
or e
- WP < | Continue burn (if RGA,
2 MN DC BUSES |1 desel lower # IMJ)
GPC1(4) GPC1(4) MODE - STBY,HALT
| FF1(4) - OFF ,ON
L(R) OMS Gimbals - sel SEC
FA1(4) L(R) OMS Gimbals - sel SEC

Figure 4-6.- Deorbit burn monitor cue card.
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4,5.2 (OMS PRPLT Fail

If the OMS propellant system on one side fails, two critical questions
must be answered. Is there enough propellant in the other pod to complete
the deorbit burn? If so, will burning all this propellant leave the
Orbiter with an acceptable c.g.? MCC answers these questions for the crew
before the burn by a calculation which takes into account the current and
desired c.g., the velocity to be expended during the burn, and the amount
of propellant on each side, and yields critical perigee values above which
the burn should be stopped and below which it should be continued. These
values are read up to the crew before the burn and are entered in the gray
OMS PRPLT FAIL section of the DEORBIT BURN cue card.

* OMS PRPLT FAIL:
WP > | I[ 51 0| L or [ I 3[ 9] R (STOP):
HP < [I[ 5] 0| L or | TI[ 31 9] R (CONTINUE):

Note that only two values are read up, one for a left pod failure and one
for a right pod failure. Four areas are given on the card to write the
values, but the values are the same for both entries on a given side. That
is, the 'HP >' and 'HP <' criteria for a given side are the same, and the
values in the upper two entries are repeated in the spaces directly below.
In the example, the HP values indicate that there is more OMS propellant

in the right side than the left (fail cues, remember). The loading of more
OMS in the right pod is for Y c.g. ballast in this example.

* 3 OF %
* o * F F

The calculation of these values reflects the philosophy that a deorbit
burn should be completed with a propellant failure if possible. The rea-
son for this is that if the burn is terminated prematurely (above a safe
HP), MCC may require at least two orbits of tracking data before the Or-
biter's new orbit (changed because of the partially completed burn) is
known well enough to allow retargeting for another burn to complete the
deorbit. By this time, however, the landing site is probably outside

the Orbiter's crossrange capability, and the deorbit has to be delayed

24 hours. Usually, continuing with a propellant failure once the burn has
started is considered to be more desirable than staying in orbit for an-
other day (weather is a primary example). Obviously, if HP < safe HP, the
burn must be completed in any case. But in many cases a burn can be com-
pleted even if HP > safe HP, and if so, it should be.

In computing the critical HP values for PRPLT FAIL cues, MCC considers
(1) the propellant available in each OMS tank (hence the different HP
values for L and R propellant failures), (2) a certain amount of the aft
RCS propellant available above the redline that can be burned with the +X
RCS jets (how much ‘extra' aft RCS propellant can be counted on for the HP
calculation has to be decided by the flight controllers, (3) all the For-
ward RCS (FRCS) propellant available for burning through the -X RCS jets,
and (4) ~21 fps available from a 90-degree prebank (redesignating is not
used in the HP calculation). The resulting HP value for each side shows
the altitude below which enough AV is available to allow completing the
deorbit.
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The OMS PRPLT FAIL HP cue is calculated as follows:
HP cue = HP; -2|(AVip - AVayaIL)

AVg
where:
HP cue - the perigee at which deorbit can be completed following
an OMS propellant failure
HP 5 - perigee of orbit before deorbit maneuver
AVip - in plane deorbit AV for one OMS engine
AVayaIL - AV capability from the OMS pod considered plus auxiliary
AV from aft RCS, fwd RCS, and prebank
AVip
AVg = mmmm—emee (In plane)
HPj - HP¢
2 |AVip - 0.5AVy,
AVg S B et (wasting)
HPj - HPf
where:
HPf - HP of orbit after deorbit maneuver
AVy, - Total AV of wasting deorbit burn

Completing a burn with a propellant failure entails a total use of more
propellant from the good side than from the failed side. This causes a Y
c.g. shift. The earlier the propellant failure (i.e., the higher HP is at
the time of the failure), the greater the Y c.g. shift. This same propel-
lant failure will result in an aft-heavy X c.g. also. MCC will have con-
sidered this in the preburn targeting, and any propellant failure below
the critical HP value for the failed side should leave the Orbiter with

an acceptable c.g. for entry.

If the burn has to be terminated, the cue card indicates that both engines
are turned off, the APU's are shut down, and the tank isolation valves on
the failed side are closed.

* HP > | ! ! | Lor | ] | R (STOP): *
*  (OMS ENG (two) - OFF, APUs - SHUT DN *

*  Affected OMS TK ISOL (two) - CL *

The OMS XFEED valves are always closed during a normal two-engine burn.
The He PRESS/VAP ISOL valve switches are set to 'GPC,' so the GPC closes
these as soon as both engines are turned off. Thus there is no reference
to either the XFEED or He PRESS/VAP ISOL valves in the two-engine cue card
procedures for terminating the burn. At this point, the crew goes back to
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the Entry Checklist and enters the indented of f-nominal 'Burn Terminated
with HP > SAFE HP' section. These steps close the OMS He PRESS/VAP ISOL
and XFEED valves and set up the aft RCS to be compatible with the orbit
conf iguration in the Deorbit Preparation checklist. It then advises the
crew to consult with MCC at the next STDN regarding a possible 24-hour
deorbit delay while MCC recomputes the new orbit (which may require two
orbits) and calculates new burn targets.

If the burn is to be continued, then only the engine on the side with the
propellant failure is turned off.

*HP < | T _ T __|JLor | T T _|R (CONTINUE): *
*  Failed OMS ENG - OFF *

Guidance, the Orbiter's attitude, and the error needles will reconfigure
for a single-engine burn. At this point, there may be insufficient OMS
propellant remaining in the good pod to complete the burn, so it is vital
to make the best use of what is left. Sometimes, a deorbit burn is tar-
geted to include an out-of-plane component in order to use enough extra
OMS propellant to achieve a proper X c.g. for entry. After a propellant
failure, all remaining 'good' propellant should be available for in-plane
AV. This situation is achieved via the ITEM 18 +0 EXEC action called for
in the cue card, which terminates out-of-plane propellant wasting for the
remainder of the burn.

* ITEM 18 +0 EXEC *

This action causes retargeting with a resultant change in Orbiter attitude
and error needle configuration. This is time-critical and is performed
before any OMS valves are reconfigured. Once the crew is satisfied that
guidance is properly reconfigured, they should close the He PRESS/VAP ISOL
and TK ISOL valves on the failed side.

* Affected OMS He PRESS (two) - CL *
* TK ISOL (two) =~ CL *

The GPC will leave both He PRESS/VAP ISOL valves open unless both engines
are turned of f (this feature is advantageous for crossfeeding in an engine
failure situation). After a propellant failure, there will be no cross-
feeding from the failed side. Hence, the crew must manually close the He
PRESS/VAP ISOL valves on the failed side (CL position).

At this point, the crew must continue to monitor the burn, with the expec-
tation that the remaining tank might be burned dry before AVTOT reaches
zero. The two key cues here are the OMS propellant quantity gauges on
panel 03 and the P. meters on panel F7. The idea is to burn the tanks as
near to empty as possible. However, the fuel and oxidizer tanks will in
general not run dry at the same time. It is desirable not to continue
operating the engine once the fuel/oxidizer ratio departs from nominal be-
cause of possible damage to the engine and the possibility of an explosion.
The gauge on panel 03 allows either oxidizer or fuel to be monitored for
the OMS system, but not both simultaneously. There is no 'lowest' posi-
tion for OMS as there is for RCS. After the propellant failure, the PLT
should check whether FU or 0X is lower on the good side and monitor the
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lower quantity, switching back and forth occasionally if time permits.
When the level drops to a few percent, the P. meter should be watched con-
tinuously. As the oxidizer/fuel ratio departs from nominal, the engine
performance will start to degrade and the chamber pressure will fall.

This is why the cue card calls for P. < 80 percent as the criterion for
turning of f the second engine.

* When Pc < 80%, 2nd OMS ENG - OFF *

If there is still AVTOT to be burned, the cue card now refers the crew to
the PRPLT FAIL subheading of the RCS COMPLETION section of the cue card,
which is discussed in section 4.5.4.1 below.

* Complete RCS (PRPLT FAIL) *

4.5.3 O0OMS ENG Fail

Directly following this section heading is a (CONTINUE BURN) instruction,
which reassures the crew that an engine failure is no reason to terminate
the burn, in contrast to some classes of propellant failures (see above).

* OMS ENG FAIL (CONTINUE BURN): *
*  Failed ENG - OFF -

Once the failed engine is turned off, guidance will reconfigure for a
single-engine burn with a resulting change in Orbiter attitude and error
needle configuration. Once the crew is satisfied that this reconfigura-
tion has been successfully accomplished, the next procedure is to start
crossfeeding OMS propellant from the other side at the proper time to en-
sure the expected Y c.g. for entry.

* OMS XFEED at *
* * *
« T T 1/2 of *
* |________ L ‘________ R AVTOT l *

at FAIL

Two cues can be used to determine the proper time: the OMS quantity gages
on panel 03 and AVTOT on the DEORBIT MNVR EXEC display. Of these two,
AVTOT is more precise and is preferred, since for deorbit conditions, each
1 percent of OMS propellant corresponds to a AV > 6 fps (depending on the
weight of the Orbiter), and the OMS gaging is considered to be unreliable.
To use the AVTOT cue, the crew must note AVTOT at the time of the failure.
The original plan of the burn was to use equal amounts of propellant from
both sides. The crossfeed procedure makes sure that this is still accom-
plished by dividing equally between the two propellant pods the AVTOT re-
maining at the time of the engine failure. The crew will be pretty busy
when an engine fails and one technique to save this information so it can
be read Tater is to push the SPEC key on CRT 1 or 2 at the time of the
engine faijlure, which freezes the DEORBIT MNVR EXEC display. Similarly,
freezing the BFS GNC SYS SUMM 2 display on CRT 3 allows the failed OMS
engine switch to be positioned to OFF and still preserve the engine ball
valve condition for failure diagnosis. After monitoring the single-engine
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burn reconfiguration, the crew can then read of f AVTOT at their leisure .
and enter half this value into the space provided on the cue card to use P
as a crossfeed cue.

The propellant percentage cues (if OMS gaging is valid) are read up to the
crew before the burn and will already be on the cue card. They represent
MCC's calculation of how much propellant will remain in each side at the
completion of the burn. The L and R numbers may not be equal because c.g.
management earlier in the flight may have compensated for a Y asymmetry
from some other source by burning some extra OMS propellant from one side. TN
Also, different amounts of propellant may be loaded on each side prelaunch
to compensate for a dry Orbiter c.g. offset. Suppose that the final pro-
pellant amounts are calculated to be 11 percent L and 15 percent R. If

the left engine fails, the crew can continue to burn the right side propel-
lant down to 15 percent and then start crossfeeding from the left side. At
the end of the burn, the left propellant should be down to 11 percent. If
the crew has no AVTOT cue available for whatever reason, then this quan-
tity gage method can be used to assure an acceptable Y c.g. The *1 percent
quantization uncertainty corresponds to a +0.06-inch Y c.g. uncertainty.

One shortcoming of using the percent cues is that it is not clear whether
to use OX or FU quantities. There is no easy answer to this. Normally,
the two quantities will be nearly the same. If there is any special rea-
son to use one rather than the other, MCC should advise the crew. Note
that if the CRT displays are lost during a burn, the propellant quantities
can be used as cues for when to terminate the burn, in addition to using

a stopwatch to time the remaining burn.

Now read section 4.5.4.2 below on RCS COMPLETION for OMS ENG FAIL for the ; ";7
continuation of this scenario. '

4.5.4 RCS Completion

4,5.4.1 Any OMS PRPLT Fail

Section 4.5.2 explains why the cue card sometimes tells the crew to press
on with one engine after a single propellant failure occurs during a two-
engine deorbit burn even if HP > safe HP. A dual OMS propellant failure
or a combined engine/propellant failure requires downmoding to +X RCS jets
to complete the burn. RCS jets have a lower Isp than OMS engines, so the
critical HP values below which the deorbit burn can be completed with one
OMS engine following a single propellant failure are not valid if the
remaining propellant must be burned through the +X RCS jets. Because of
this uncertainty and because the second failure has reduced the remaining
backup capability, the overall safety margin is considered to have been
reduced sufficiently below the single OMS completion case that the burn
should be terminated if this can be done safely (HP > safe HP).

An extra day in orbit will probably be required, but giving MCC the oppor-
tunity to assess the actual propellant situation and retarget for an opti-
mal entry in this case is deemed to be worth the delay. For this reason,
the first instruction on entering the RCS COMPLETION, ANY OMS PRPLT FAIL
section of the cue card is to shut down the APU if HP > safe HP. Both
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OMS engines are already shut down, of course. The crew then leaves the
cue card and goes to the 'If Burn Terminated with HP > SAFE HP' section
of the Entry Checklist.

If HP < safe HP, the burn must be continued.

* RCS COMPLETION:
ANY OMS PRPLT FAIL:

IfHP > || |, safe HP: APUs - SHUT DN

< | ] I, safe HP: I'cnect to
good OMS PRPLT
THC +X (vOMS % vs RCS Burn Time)
AFT RCS RECONFIG

* o o o F F F *
* % o ok ok o * * %

The scenario of section 4.5.2 on OMS PRPLT FAIL ended with burning the
remaining propellant tank dry and then moving to the RCS COMPLETION, ANY
OMS PRPLT FAIL section of the cue card. In this case, there will be no
good OMS propellant on either side because one side is failed and the
other side is depleted. The instructions in this section to interconnect
(OMS/RCS) to any good OMS PRPLT and burn down to the OMS redline will be
skipped_and the crew will proceed directly to 'THC +X to TGT HP or TOT AFT
QY 1 | _[ | %.* The only way to get to the interconnect procedures in
this section is through combined propellant and engine failures, which
leave some good OMS propellant available to burn through the +X RCS jets.
These cases are treated first followed by the procedures for completing
the burn when no more OMS propellant is available.

4.5.4.1.1 OMS propellant still available on one side: In understanding
the actions resulting from the various scenarios described here, it is es-
sential to realize that if a propellant failure on one side occurs it is
not permitted to crossfeed propellant from the good side into the engine
on the side with the failed propellant system. This is implied by the cue
card procedures but is not stated explicitly anywhere. Flight rule 6-18
prohibits crossfeeding from a failed or suspected failed OMS propellant
tank but does not address the question of crossfeeding into the engine on
the failed propellant side from the good propellant system. The reason
for the cue card's procedural restraint against doing this is that if the
propellant failure occurs during the burn, it is possible that the engine
on that side may ingest He or be damaged in some other way. Because there
is no way to be sure the engine is good, it is not used. Furthermore, Re-
dundancy Management (RM) does not allow an engine to be restarted once it
has been shut down unless the burn is retargeted and started again. Al-
though retargeting is possible, a minimum of 240 seconds is required be-
fore restarting the engine because of OMS hardware limitations. Even if
the 30-second minimum for launch aborts was to apply, the uncertainty of
having a good OMS engine makes it preferable to use the +X RCS jets if
they are available. If a propellant failure (e.g., leak) occurs at some
other time during the mission, it is possible that the OMS engine on that
side is still good and can be used for future burns. This is something
for MCC to determine. The cue cards do not deal with this case.
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If a propellant failure occurs on one side and the engine on the other
side subsequently fails, then that engine must be turned off. This OMS
ENG-OFF instruction could come from the OMS PRPLT FAIL section except that
in this case the preceding Pc < 80 percent propellant depletion cue point
will not have been reached.

* When Pc < 80%, 2nd OMS ENG - OFF *
* Complete RCS (PRPLT FAIL) *

Alternately, it could be taken from the OMS ENG FAIL section except that
the subsequent instruction to crossfeed must then be ignored.

* OMS ENG FAIL (CONTINUE BURN):

*  Failed ENG - OFF

* OMS XFEED AT -

* {
In either case, the crew must then go to the RCS COMPLETION, ANY OMS PRPLT
FAIL section, and perform the first instruction after determining that HP
< safe HP, and that is to interconnect the +X RCS jets to the good propel-

lant tanks that were feeding the failed engine and that still have usable
propellant.

* F * %

* RCS COMPLETION:

*  ANY OMS PRPLT FAIL:

* If HP >

* <|__T |, safe HP: I'cnect to
* good OMS PRPLT

* % oF % F

If the good propellant tanks have already been burned dry, then the crew
proceeds directly to 'THC +X to TGT HP or TOT AFT QTY 1 | [ | % .

"AFT RCS RECONFIG' is unnecessary if the crew never interconnects the OMS
and RCS in the first place.

RCS COMPLETION:
ANY OMS PRPLT FAIL:

[

, safe HP: I'cnect to
good OMS PRPLT
THC +X (YOMS % vs RCS Burn Time)
AFT RCS RECONFIG
THC +X to TGT HP or TOT AFT QTY 1 |_| | %

If HP >

*
*
*
*
*
*
*
*
*
*
*
*

#% % F o o oF ¥ o F * *

Another scenario to reach this point is an engine failure occurring before
the propellant failure. In this case, the crew will be following the OMS
ENG FAIL procedure section of the cue cards. Suppose that the left engine
fails. At first, the right engine is burned with right side propellant
until the crossfeed AVTOT cue point is reached. If the right propellant
tank fails before this, then crossfeeding is not performed. The crew might
enter the OMS PRPLT FAIL sectjon of the cue card, and the first thing to
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do is determine whether HP is low enough to continue the burn. If it is,
the next steps in the procedure (ENG-OFF, discontinue propellant wasting,
and OMS TK ISOL's-CL) would appear to be valid. However, the second
(i.e., left) engine has already failed, and crossfeeding cannot be per-
formed, so the P. < 80 percent line is skipped over and the crew proceeds
to the RCS COMPLETION ANY OMS PRPLT FAIL section. Now HP must be com-
pared to safe HP to dec1de whether or not to continue the burn. The L and
R critical HP values in the OMS PRPLT FAIL section were, in fact, meant to
deal with a 1ng1 e failure only (i.e., the calculation of the cue is based
on both OMS engines burning until the PRPLT failure occurs). If a double
failure occurs, the crew should stop the burn if HP > safe HP. If HP <
safe HP, an astute crewmember might realize after the second failure that
an RCS completion was going to be necessary and save some time and mental
effort by going directly to the RCS COMPLETION, ANY OMS PRPLT FAIL section
of the cue card without first going through the OMS PRPLT FAIL procedures
at the top of the gray off-nominal section. This would result in skipping
the ITEM 18 +0 EXEC instruction and the RCS completion would be carried
out with propellant wasting still in effect, which could be a bad deal
after a propellant failure (if propellant were being wasted). If you are
going to be astute, you had better be very astute.

Returning to the postulated scenario, the crew now follows the instruction
to interconnect the RCS to any good OMS PRPLT, which in this case is the
left side. The remainder of the left OMS propellant will be burned by the
+X RCS jets.

Suppose, on the other hand, that after the left engine failure, the burn
has progressed to where the right OMS engine is being crossfed from the
left propellant pod, and the left propellant system fails. The crew now
starts the OMS PRPLT FAIL section. In this case, at least half the burn
will already have been completed and HP will be less than the critical
value, so the burn will be carried to completion. As before, the first
three steps of the procedure are followed but the Pc < 80 percent line is
skipped since only one engine was burning. When the RCS COMPLETION, ANY
OMS PRPLT FAIL section is entered, the procedure says to interconnect to
any good OMS PRPLT, which in this case is the right side. The remainder
of the right OMS propellant will be burned by the +X RCS jets.

In any case where OMS propellant is being burned by the +X RCS jets after
a propellant failure, the crew has the rather cryptic 'THC +X (OMS percent
versus RCS Burn Time)' instruction.

* THC +X (YOMS % vs RCS Burn Time) *
This instruction refers to a table on the 'X' side of the circular slide
rule used to compute the Orbiter c.g. This is part of the multiphase cue
card kit and is stored in the center console (C6). The OMS gaging has

been unreliable so the OMS helium pressure is shown as a backup gaging
parameter to determine +X RCS capability in the interconnect mode.
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ONS % | OWS He | ONS | RCS | RCS BURN
 GAGE | PRESS* | AY¥ | AV | MIN:SEC
a2 [ 2800 |28 1182 6:15
40 | 2710 | 207 | 173 | 5:57
38 | 2620 | 195 ['163 | 5:36.
3 | 2520 | 183 | 153 | 5:16

34 2450 | 172 | 144 4:58
32 2360 | 161 | 134 4:37
30 2270 | 149 | 125 4:18

28 2180 | 138 | 115 3:58
26 2090 | 126 | 106 | - 3:40
24 2010 | 114 96 3:19
22 1920. | 103 | 87 3:00

20 1330 92 78 2:42
18 1740 80 68 2:21
16 1650 69 58 2:00
14 1570 57 49 1:42
12 1430 46 39 1:21
10 1350 ‘35 29 1:00
8 1300 23 20 0:42
6 1210 11.8] 10 0:21
5 1170 6.1 5.2] 0:11

*He pressure assumes an 80UF tank temp

NOTE: Uses assumad D/0 venicle weight of
230000

With a propellant failure, there is probably insufficient OMS propellant
remaining to complete the burn by feeding into the RCS so some RCS propel-
lant has to be used. This should be minimized to save as much RCS propel-
lant as possible for entry. However, burning the OMS tank dry could cause
the RCS thrusters to ingest helium, which might prevent completion of the
burn even with RCS propellant. This same restriction applies to the OMS
engines for most burns (propellant cannot go < 3 percent), but for deorbit
it is allowed to burn to propellant exhaustion (Pc < 80 percent) through
the OMS engines, since there will be no further requirement for the flight
to burn these engines. The point here is that if the +X RCS is being used
for deorbit then the 3 percent restriction applies to protect the RCS en-
gines and manifolds. OMS gaging is inoperative once the second OMS engine
is shut down. The propellant quantity gages on panel 03 become static and
there will be no Caution and Warning (c&w? annunciation of an OMS PRPLT
LOW situation, so the crew needs a way to know how long to burn OMS propel-
lant before reconfiguring for AFT RCS; hence the OMS percent versus RCS AV
and RCS burn time table. The table shows OMS percent, the equivalence of
He tank pressure, OMS AV, RCS AV, and RCS burn time. (The same amount of
propellant gives more AV when burned in an OMS engine than an RCS engine
because an OMS engine has a higher Isp.) The 3 percent redline (which al-
lows for trapped propellant and for gaging error) is included in the OMS
He PRESS versus AV numbers.

As an example, suppose AVTOT = 68 fps with only 49 fps of RCS AV in OMS
propellant remaining (as shown by an OMS gage percent of 14 and an OMS
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He PRESS of 1570) on the good side when the last OMS engine fails. The
OMS % and OMS He PRESS versus RCS AV and RCS burn time table shows that
the 1:42 of RCS burn time that is allowed on the OMS propellant on one
side yields 49 fps AV using the RCS before the redline is reached. Thus,
after 1:42, the expected AVTOT would be 68 - 49 = 19 fps. However, the
CDR should release the THC on burn time regardless of the AV expended

or remaining because AVTOT may have increased during +X RCS thrusting.

4.5.4,1.2 No OMS propellant avajlable, AFT RCS RECONFIG: At this point,
all scenarios involving propellant failures have arrived at the AFT RCS
RECONFIG instruction, and the crew is ready to complete the deorbit burn
using RCS propellant. This can get pretty sporty, and it is absolutely es-
sential to understand the various techniques involved and their priorities
and constraints to be able to follow the cue card procedures. Flight rule
4-33 D is a complete 1ist of the various targeting and burn execution op-
tions in order of priority for deorbit burns when insufficient OMS propel-
lant is available for nominal targeting. Once a burn has reached the AFT
RCS RECONFIG stage, however, the options available to the crew are as
follows:

A. Burn aft RCS propellant through the +X RCS jets. This option is lim-
ited by the requirement to leave 'enough' aft RCS propellant for Aero-
jet Digital Autopilot (DAP) RCS control during entry. The amount pro-
tected currently to preclude an entry that would encounter a 'no-yaw-
jet' region is 1200 pounds at EI. To allow for maneuvers, -X RCS
thrusting, and coasting before EI, the 'TOT AFT QTY 1 | l | %' is
read to the crew and is used on the cue card to ensure the 1200 pounds
(54% total) at EI. 'TOT AFT QTY 2 | | %' ensures 400 pounds (250
pounds after ejection seats were removed) at EI and no-yaw-jet opera-
tion can be expected between q = 20 and M7 when the ARCS propellant
is used to this lower value.

B. Burn forward RCS propellant through the -X RCS jets. This involves
pitching the Orbiter through nearly 1800 between the +X and -X jet
firings. Any forward RCS propellant available can be used for deorbit
AV because some of it might have been dumped anyway for X c.g. control
after the deorbit burn. The resultant aft c.g. offset from the unused
OMS propellant and from burning all the forward propellant should be
within the guidelines allowed by flight rule 4-33 D. The amount of
FRCS propellant available for use in this manner will vary from mis-
sion to mission. MCC supplies the FRCS capability to the crew prior
to deorbit as part of the PRI HP and B/U HP values on the DEL PAD.
These DEL PAD values are calculated by MCC as follows:

PRI HP = AHPgpax pB + AHPFRes + HPTGT
to EDW

B/U HP = AHPggo pg + AHPFRcs + HPTGT
to NOR

The PRI HP is the maximum value of CUR HP that can exist such that the
primary landing site (EDW) can be attained by using all of the propel-
lant in the FRCS (THC -X) and the maximum allowable prebank (usually
800 to 900) to the primary site.
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The B/U HP is the maximum value of CUR HP that can exist and still
make the backup site using FRCS, prebank, and redesignation to the B/U
site (NOR). The B/U HP is greater than the PRI HP by the AHP differ-
ence in redesignation to Northrup with approximately the same amount
of prebank (909).

Prebank the Orbiter prior to EI. Prebank decreases the vertical compo-
nent of the 1ift vector and causes a steeper trajectory early in the
entry, increasing drag to dissipate AV faster. Following the OMS/RCS
POST BURN RECONFIGURATION, the Entry Checklist contains a table show-
ing prebank angle vs. AHP (CUR HP - TGT HP) for use after all thrusting
js completed. This procedure would be used only if insufficient pro-
pellant was available to burn all the required AV.

Redesignate the field from Edwards to Northrup. The maximum allowable
prebank is Timited by Orbiter thermal constraints (primarily the wing
chine). If prebanking cannot safely dissipate enough AV to get down
to Edwards, the Orbiter can extend its entry trajectory to Northrup
Strip, allowing more time to dissipate AV and reducing the surface
heating load (but increasing the back face temperatures). The first
row of the prebank table in the Entry Checklist shows those values of
AHP which can be handled for an Edwards landing. For larger AHP re-
maining after all thrusting is completed, the second row shows pre-
banks required for Northrup.

With these options explained, it is now possible to work through the
cue card instructions following AFT RCS RECONFIG.

* AFT RCS RECONFIG B *
* THC +X to TGT HP or TOT AFT QTY 1 | | | % *
* *
* If CUR HP < PRI HP , FRCS to PRI Site *
* *
* T T *
* If CUR HP > PRI HP and < B/U HP l______ , *
* FRCS TO B/U SITE *
* *
* If CUR HP > B/U HP , THC + X to *
* B/U HP I *
* *
* T *
* or TOT AFT QTY 2 ; FRCS to B/U Site *
* *

When the crew has used all of the available OMS propellant, the next
step in completing the burn is to use ARCS propellant (THC +X) until
the burn target is finished (CUR HP = TGT HP), or until the ARCS pro-
pellant is reduced to a quantity that will_ensure a minimum total of
1200 to 1500 pounds at EI (TOT AFT QTY 1 | | %). The RCS quanti-
ties can be read on the BFS SYS SUMM 2 display and on the quantity
gages on panel 03 if 'RCS' is selected.

*

* THC +X to TGT HP or TOT AFT QTY 1 l % *
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That is, if the TGT HP is attained at an aft quantity that is greater
than the TOT AFT QTY 1 cue, the crew obviously would stop thrusting.
But, if the QTY 1 level is reached with CUR HP > TGT HP, the crew must
then evalute their capability of making the primary landing site with-
out using additional aft RCS propellant.

* - T *
* If CUR HP < PRI HP L____J , FRCS to PRI Site =*

At this point, if CUR HP < PRI HP thrusting is terminated and the FRCS
(THC -X) procedure is used to complete the target or if insufficient
FRCS propellant, the FRCS is depleted (THC -X) and the remainder of
the underburn is absorbed by recovery prebank to the primary site.
This situation will leave the crew achieving the primary site with, at
worst, giving up PTI's for entry but ensuring an entry without en-
countering a no-yaw jet region.

If the CUR HP > PRI HP, the crew moves to the next step.

If CUR HP > PRI HP I___

l and < B/U HP I______l s

* % oF *
* ok o o

FRCS TO B/U Site

If the CUR HP is between the PRI HP and the B/U HP, this step in-
structs the crew to stop using the aft RCS propellant beyond the TOT
AFT QTY 1 level and proceed to FRCS and prebank techniques. The in-
tent at this point is to give up the primary site for the backup site,
if required, rather than use aft RCS propellant past the level that
could lead to no-yaw jet operation during entry. However, it should
be noted that although the statement is 'FRCS to B/U Site,' the pri-
mary site might still be attained because more AV can probably be
obtained from the FRCS than is ensured in the cue calculation, and the
closer the CUR HP is to PRI HP before FRCS thrusting, the more Tikely
the primary site can be achieved.

Another possibility after reading AFT QTY 1 is to have CUR HP > B/U
HP.

* *
* If CUR HP > B/U HP ,THC +X to | [ | *
* _ B/U HP |
* *
* or TOT AFT QTY 2 ; FRCS to B/U Site *

In this case, the crew is directed to use aft RCS propellant below the
TOT AFT QTY 1 percent but only to the extent necessary to achieve the
backup site with the help of FRCS and prebank. Then, even if the CUR
HP is still greater than the B/U HP value when the aft RCS propellant
quantity has been reduced to equal the TOT AFT QTY 2 (percent), the
crew should terminate the use of 'THC +X' (using aft RCS propellant).
The TOT AFT QTY 2 (percent) 1imit should represent the minimum re-
quired for flight control during entry and, as such, should be honored
even if indications are that a landing at the backup site is in doubt.
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Of course, any 'extra' performance from the FRCS might be sufficient
to make the backup site and still have aft RCS propellant for entry.

Once the decision is made to burn the -X RCS jets, the AVTOT must be
reduced as soon as possible. PASS closed-loop guidance keeps running
during pitcharound (unlike BFS guidance, which goes open-loop when the
Orbiter's X-axis passes through ~900 from the desired thrust direction),
but the longer the time taken coasting towards EI during pitcharound,
the larger the AV that has to be applied to meet terminal guidance
constraints. Hence, the nominal transDAP maneuver rate is replaced

by 39/sec, achieved by putting the RHC through the soft stop and us-

ing the accel mode.

* MNVR to -X ATT (pitch up at 39/sec to VGOz = *
* THC -X (+)1/4 AVTOT) *

This 39/sec is considered a compromise between the desire to do a
quick pitcharound, the amount of propellant needed to do the maneuver,
and flight control stability considerations during the maneuver. The
cue for completing the maneuver is VGOz = +1/4 AVTOT on the CRT dis-
play. In addition to their forward component, the -X RCS jets have a
small upward-firing component which causes a pitchdown torque. During
the extended -X RCS jet deorbit firing, the pitchdown will be count-
ered by periodic firings of upward-firing aft jets. The net result is
a downward (+Z) translation in addition to the commanded -X transla-
tion, in a ratio between 1:3 and 1:4. To complete the burn most effi-
ciently, the Orbiter is maneuvered to the attitude where the ratio of
VGOx and VGOz to be burned is approximately equal to the -X and +Z
thrusts created by a -X THC deflection after the pitch deadband (of

-3 degrees) is attained (shortly after -X thrusting starts), hence the
VG0z = +1/4 AVTOT cue. Note that if the maneuver starts from a nomi-
nal +X RCS burn attitude, the total pitcharound maneuver is ~1650. To
facilitate monitoring the maneuver and help in anticipating when to
start slowing down (which may not be so easy just using mentally cal-
culated ratios of VGOz and AVTOT), the crew can select the 'REF' ADI
position and hit the ATT REF PBI before starting the maneuver. Then
it is easy to monitor how the maneuver is progressing using 1650 as
the approximate pitch for the -X RCS burn attitude and using the
VG0z/AVTOT ratios for fine tuning. During the ~1650 pitcharound, the
VGOx portion of AVTOT will gradually be transferred into VG0z and then
back into VGOx again although with the opposite sign (i.e., VGOx > 0
will become VGOx < 0). Note that VGOy should be 0 although this is
not called for explicitly in the cue card.

The opposite sign of VGOx is a cue to another aspect of a -X RCS burn.
Guidance is still configured for a +X RCS burn and has no -X RCS capa-
bility. The THC must be pulled rather than pushed, which agrees with
the minus sign. However, the error needles will be working backwards
and will behave as fly from references. The pitch needle will be peg-
ged in any case. In practice, the best way to fly the burn is to
start THC -X thrusting with VGO, = +1/4 AVTOT and allow the deadband
to control the attitude. Soon after the initiation of THC -X, the
VG0,/AVTOT ratio will go from 1:4 toward 1:3 and stabilize once the 30
pitch deadband has been reached. Any attempt to maintain the 1:4
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ratio with the RHC will unnecessarily waste RCS propellant. The dis-
crete rate/attitude hold mode of the DAP should, in fact, hold the
Orbiter's attitude to within a 30 deadband about the attitude at which
the RHC last went into detent. Because of the negative pitch moment
of the -X RCS jets, the Orbiter will tend to stay at the negative
pitch side of the deadband, ~3° low compared to the initial burn atti-
tude. To optimize the burn would require a table of VGOz versus AVTOT
values or more tedious real-time mathematics by the crew. A VGOz =
+1/4 AVTOT approximation is satisfactory. In fact, the required AVTOT
may increase during the pitcharound maneuver so time is important in
performing the -X RCS burn. Any propellant saved by fine-tuning the
Orbiter's attitude could easily be lost if the -X RCS burn is delayed.
Note that during the burn, TGO will be counting down at half real
time, since guidance thinks four RCS jets are firing, whereas in real-
ity only two jets are firing.

The cue card does not specify the cutoff criteria to use when follow-
ing the THC -X instruction. If closed-loop guidance is operating
(PASS), VGOx is a valid cutoff cue. In BFS, VGOx is decremented
open-loop after pitcharound and may have a smaller absolute magnitude
on the CRT than it should have, since the actual AV required to hit
the burn target may increase while the orbiter is coasting, and this
is not allowed for in open-loop guidance. In this case, AHP = 0 is a
valid cutoff cue. HP should be monitored even if PASS is engaged,
both as a confirming cutoff cue and for use later with the prebank
table, if necessary.

There is no flight rule against burning the -X RCS jets dry. In fact,
the FRCS should be burned until a jet fail message is encountered for
this contingency case. Because of the PVT gaging, the fail message
should not be expected until the FRCS quantity gages are showing nega-
tive values. If after the -X jets are burned dry, AHP is still > 0,
there are no cue card procedures left. The crew goes back to the En-
try Checklist, determines the prebank angle, and gets set for an ex-
citing ride home.

4.5.4.2 Both OMS ENG Fail

This procedure is entered more likely if the second OMS engine fails after
the reconfiguration for the first failure is already complete; however,
it also applies if both engines were to fail at the same time.

* BOTH OMS ENG FAIL: *
* OMS ENG - OFF *

If the two failures have occurred separately, expect another attitude and
error needle change as guidance reconfigures from a single-engine to an
RCS burn. If both engines fail simultaneously, the RCS reconfiguration
will have a lesser effect on attitude or the error needles; however, TGO
will nearly quadruple instead of double, which is what usually happens
after a two- to one-engine or a one-engine to RCS reconfiguration.

If both engines fail at exactly the same time, then the same argument for
determining the proper crossfeed time from 1/2 x AVTOT at the time of the
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failures applies here as it did for the single-engine failure case (4.5.3). -
Unfortunately, this argument did not apply in some OFT OMS propellant £
loading and management because OMS propellant was 'borrowed' by the aft i '
RCS on orbit leaving insufficient OMS propellant to complete early OMS en-

gine failures by using equal amounts from each pod with the less efficient

RCS jets. Attempting to use equal amounts could have depleted the left

(low) side even if enough OMS propellant had been available to complete

the burn (counting the ballast in the right pod). The procedure during

this era was to use all of the available OMS propellant from the left

side and then switch to the right side to complete the burn. This method SN
would minimize the use of the ballast and keep any excess propellant on L)
the right side. o

BOTH OMS ENG FAIL:
OMS ENG - OFF
Interconnect OMS to RCS
THC +X (vOMS % vs RCS Burn Time)
OMS TK SW
THC +X (vOMS % vs RCS Burn Time)

* o o % F
* % F * F *

The current procedure calls for an interconnect to either OMS pod when the
second OMS engine fails regardless of the pod levels or which one was be-
ing used at the time of the failure. Because the OMS quantity gages do

not operate unless an OMS engine is on, the tank switch cue must be deter-
mined by using the OMS gage quantity or helium pressure versus RCS Burn
Time shown on the c.g. calculator (see section 4.5.4.1.1). The subtraction
results in the AVTOT cue that is used to switch from the left OMS to the
right OMS in the interconnect configuration.

If the burn is not completed during the allowable interconnect burn time
on the first pod, then the tank switch is made to the other pod. The RCS
burn time allowable is checked for the second pod, also, because of the
possibility that the amount of OMS propellant in the second pod may be in-
sufficient to complete the remaining AV. If, in fact, the OMS is depleted
after two OMS engine failures and the interconnect of OMS/RCS from both
OMS pods, the crew must recognize that this situation is equivalent to an
OMS PRPLT failure (because there is insufficient OMS propellant) and pro-
ceed to 'AFT RCS RECONFIG' to break the interconnect and get on with the
underburn techniques.

As has already been stated, the cue cards are not computers and cannot
handle all possible failure scenarios in an optimum fashion. If they are
used properly, they will produce acceptable results for all scenarios and
near-optimum results for the most 1ikely scenarios.

Information about AV versus OMS propellant quantity for deorbit is avail-
able in tabular form on the c.g. slide rule calculator (see section
4.5.4.1.1) with which the crew should be familiar.

After the burn is complete, the final gray of f-nominal instruction, 'AFT

RCS RECONFIG if INTERCONNECT,' reconnects the aft RCS jets to the aft RCS
propellant.
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* AFT RCS RECONFIG if INTERCONNECT *
Trim X,Z residuals < 2 fps (< 0.5 fps if shallow)

This reconfiguration is done before trimming the residual VGO's. Trimming
the residuals while still interconnected to OMS propellant would save a
1ittle aft RCS propellant for entry. However, the OMS tanks are not de-
signed to feed more than 1000 pounds under Y and Z accelerations. This is
the reason for OMS/RCS quantity gaging on SPEC 23 in OPS 2. This is not
available during deorbit; and, in any event, the cue card has to allow for
a deorbit when all the interconnect capability has already been used on-
orbit. If OMS propellant were fed into the RCS jets in excess of the
1000-pound interconnect capability, helium could be ingested into the aft
RCS jets disabling them for entry. Hence, the PLT does the AFT RCS RE-
CONFIG after which the CDR trims the residuals with the THC. These ac-
tions must be coordinated so they occur in the proper sequence.

4.6 1 ENG DEORBIT BURN

Much of the explanation of the 2 ENG DEORBIT BURN cue card applies to the
other deorbit cue cards as well. This and subsequent sections will cover
only the unique aspects of the planned of f-nominal burns. The OMS BURN
PREP section of the Entry Checklist (TIG-30) is the same for a planned
one-engine as for a planned two-engine burn. Remember that for planned
of f-nominal burns, the 'GPC' position is not used for the He PRESS/VAP
ISOL valves.

L,R OMS He PRESS/VAP ISOL A (two) - OP
......... Wait 2 sec........B (two) - OP

4.6.1 Planned Procedures

A one-engine burn (fig. 4-7) is, per se, off-nominal. The planned pro-
cedures, given the initial of f-nominal configuration, are in the white
section of the cue card. Unplanned procedures are in the gray section.
The main unique procedure in the planned one-engine burn is crossfeeding
at the proper time to balance the propellants remaining on each side for
Y c.g. control. Both AVIOT and percent quantity cues are available.

’ ' AVTOT: OMS XFEED
l %

The remarks in section 4.5.3 on the preferability of the AVTOT cue and
OMS gaging reliability apply here also.
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0vQa99/
DEORB/
8AS 3

TlGe

:::HOOK::::| DEORBIT |:::HOOK::::|0V099/
[::VELCRO:::| BURN I::VELCRO... |DEQRB/
[ssiisiiiiii| (1ENG) |:o:s:i::iii:|BAS 3

/MM302 °*  /OMS L or R CNTLR PWR (two) - ON
Enter TGO + 10 sec

/TRIM: P +0.0, LY +5.2, RY 5.2

JOAP - AUTO(PASS)/DISC -+  ADI - LVLH/HI/MED
L,R OMS He PRESS/VAP [SOL A (two) - 0P
wver....Wait 2 sec..... .. B (two) - OP___
OMS ENG (good) - ARM/PRESS ** |~ |.| |
EXEC *° (NO EXEC > TIG + 11N
TIG °* (/Pc, oVTOT, ENG VLVs; start watch)
* g NB S 3gm’cian, APUs:

{ AVTOT: OMS XFEED

Interconnect 045 to RCS

© THC +X, OMS TK SW at ——————-—p!
* THC +X (/NS % vs ACS Burn Tiame) ‘
CUTOFF **

+:02

MS ENG FAIL (CONTINUE BRN):
ailed EMG - OFF

amplete RCS {OUS ENG FAIL)
CS COMPLETION:

DMS PRPLT FAIL:

* MHYR to -% ATT (p:tch -up 1t 39/sec to ¥&0z »
* THE -X (+)1/4 AVTOT)
* OMS ENG FAIL:
k4

ailed QHS C%P OFF APQS « SHUT:D& :
acted OMS He PRESS (tmo) = CL.
b TK ISDL {twa) - CL
}___";, safe HP {CON;I%UE)
aileg 4S ENG - OFF
TEM 18 +0 EXEC ;
(Ffecked GMS He PRESS {two)~%-Ct
oo TK 3ISOL (tao) :

aterconnect to gocd CHS PRALY
THE. +#X {/0¥S % vs RCS Burn Time)
HAST RCS RECONFIG

HE X to TGT HP or TOF &ST Q7Y 1 | | f 2
1o Hr < PRLHP | | |, FRCS TO PRI Site

| e
£ CUR P > PRI HP | 'and<a{ua9| \
CERCS TO 8/U Site et : = [
rorwe > amEe | 1 L THE +X to
: S
8/ HP {

E::l

or TOT AFT QTY 2 | ; FRCS to 8/% STte —

LavToT

..., __
T

OMS ENG - OFF*"(If < 3 1My, at | H Ll
« AFT RCS RECONFIG if [NTERCONNECT— '—— «

Trim X,Z residuals < 2 fps (< 0.5 fps if shallow)

Figure 4-7.- DEORBIT BURN (1 ENG) Cue Card.
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4.6.2 OMS PRPLT Fail

Completing a single-engine deorbit burn after a propellant failure re-
quires burning the OMS propellant (from the good side) through the +X RCS
jets. The same reduced Isp and general safety margin considerations apply
here as for the RCS COMPLETION: ANY OMS PRPLT FAIL section of the 2 ENG
DEORBIT BURN cue card; hence the HP criteria for continuing or terminating
the burn is simply > or < safe HP. If the burn is continued, it is with
the +X RCS. In any case, the OMS ENG switch is turned OFF.

* OMS PRPLT FAIL:
HP > | [ |, safe HP (STOP):
Failed OMS ENG - OFF, APUs - SHUT DN
HP < | [ |, safe HP (CONTINUE):
Failed OMS ENG - OFF

* o ok o
* A o * *

Because the He PRESS/VAP ISOL valves are set to 'OP' rather than 'GPC' as
in the two-engine burn, shutting down the OMS engine will not close these
valves. Therefore, the one-engine burn cue card contains a 'He PRESS
(two) - CL' instruction after a propellant failure even though the OMS
ENG switch is already turned off.

* OMS PRPLT FAIL:
HP > [T |, safe HP (STOP):
Failed OMS ENG - OFF, APUs - SHUT DN
Affected OMS He PRESS (two) - CL
TK ISOL (two) - CL

* * F
* oF o F oF

(The 'TK ISOL (two) -.CL' instruction is identical to the 2 ENG BURN cue
card and so is not discussed here.)

If the burn is continued after the failure, the cue card shows 'XFEED
(two) - CL"'.

HP < |__ T |, safe HP (CONTINUE):
Failed OMS ENG - OFF
ITEM 18 +0 EXEC
Affected OMS He PRESS (two) - CL
TK ISOL (two) - CL
XFEED (two) - CL
Complete RCS (PRPLT FAIL)

3% oF oF oF o o
* o % o ok F

This is necessary only if crossfeeding has already been started because
the XFEED valves are closed before the beginning of a one-engine burn.
Remember that after a propellant failure has occurred, the engine that
was connected to the failed side is considered failed. Only the propel-
lant on the good side can be burned through the +X RCS jets.

4.6.3 OMS ENG Fail

Because only one engine was available at the start of the burn, a single-
engine failure leads directly to RCS completion of the burn. -
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* OMS ENG FAIL (CONTINUE BURN): * ‘
*  Failed ENG - OFF * 0\
*  Complete RCS (OMS ENG FAIL) * (

Deorbit targeting by MCC usually allows for a +X RCS completion given the
continued availability of all the propellant available before the burn
(and assuming there is adequate OMS propellant to perform the deorbit burn
AV with the +X RCS jets).

4.6.4 RCS Completion )
4.6.4.1 OMS PRPLT Fail '

This section is exactly the same as in the two-engine cue card.

* RCS COMPLETION:
OMS PRPLT FAIL:
Interconnect to good OMS PRPLT
THC +X (YOMS % vs RCS Burn Time)
AFT RCS RECONFIG
THC +X to TGT HP or TOT AFT QTY 1 |_ [ | %
If CURHP <PRIHP | | | , FRCS to PRI Site
If CLR HP > PRI HP || | and <B/UHP | |,
FRCS TO B/U Site
If CIR HP > B/U HP || , THC +X to
B/U HP
or TOT AFT QTY 2 | | s FRCS to B/U Site
MNVR to -X ATT (pitch-up at 39/sec to YGOz =
THC -X (+)1/4 AVTOT)

% ok ok % ok ok ok & O F * % *
* ok % o O % ok % ok ¥ o * o F

If the propellant failure occurs before crossfeeding begins, then the
other side is clearly the good side. Remember that even after crossfeed-
ing has begun from the side opposite the good engine, there is still good
propellant remaining on the good engine side. This good propellant would
not have been used had the burn proceeded as planned. However, after the
propellant failure on the other side, it should be used before the AFT RCS
RECONFIG.

After reconfiguring for burning RCS propellant, the priorities for burning
aft and forward propellant, prebanking, and retargeting are the same as
during a planned two-engine burn.

4.6.4.2 OMS ENG Fail

For a planned two-engine burn, this section is entered after the second S
engine fails and hence contains the instruction to switch the engine of f. -
For a planned one-engine burn, the engine is switched off as part of the

OMS ENG FAIL procedure (section 4.6.3) prior to the RCS completion section.

* OMS ENG FAIL (CONTINUE BURN): *

*  Failed ENG - OFF *

*  Complete RCS (OMS ENG FAIL) *
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The procedure then sends the crew directly to the RCS COMPLETION, OMS ENG
FAIL section. The crew should realize as soon as the single engine fails
in a planned one-engine burn that the RCS completion is required. How-
ever, having an independent OMS ENG FAIL section in the 1 ENG BURN card
corresponding to the 2 ENG BURN card helps ensure a proper Crew response.

In a planned one-engine burn, the worst case for causing a Y c.g. offset
due to the different Isp of the OMS and RCS engines is an engine failure

at the halfway point just as crossfeeding is being started. This was dis-
cussed for a planned two-engine burn in section 4.5.3. For the two-engine
burn, however, it takes two failures to get to this situation whereas a
single-engine failure suffices during a planned one-engine burn. For this
reason, and also since the OMS TK SW point can be given as part of the
PRPLT PAD before the burn, a separate AVTOT cue is given to avoid the maxi-
mum error in the Y c.g. balance for an RCS completion.

RCS COMPLETION:

OMS ENG FAIL:
Interconnect OMS to RCS
THC +X, OMS TK SW at AVTOT
THC +X (¥YOMS % vs RCS Burn Time) *

* o o oF

* % o F *

Normally, the RCS AVTOT cue will be a smaller number than the OMS AVTOT
cue because the RCS burns more propellant for the same AV. However, the
RCS AVTOT cue could be a Tlarger number if there is insufficient OMS pro-
pellant for the AV required.

Once crossfeeding begins, it is continued until the completion of the burn
or until the maximum amount of OMS propellant is used from the pod, as in-
dicated by the 'THC +X (vOMS % vs RCS Burn Time).' Hence, there is no way
to prevent a Y c.g. offset caused by an engine failure after this time
(without returning to the original pod). For this reason, the RCS AVTOT
cue is usually calculated for an engine failure halfway between the start
of the burn and the planned start of crossfeeding. This is considered to
average the failure probability during that part of the burn when some-
thing can be done to help the Y c.g. balance. Note that as in the planned
2 ENG BURN cue card, there are no percent cues for RCS completion because
OMS propellant gaging is not active unless at least one OMS engine is
burning. After the TK SW the RCS burn time capability on the OMS pod is
checked to ensure that the interconnect mode is not used too long in try-
ing to complete the burn.

4.7 RCS DEORBIT BURN

4,.7.1 Preburn

The Entry Checklist contains a separate indented procedure (TIG-30) to es-
tablish the preburn configuration for a planned RCS deorbit. It is arbi-
trary which OMS propellant side to feed from first. The left side is
specified here because English-speaking astronauts usually think from left
to right. (It is not known how the Chinese configure their D&C).
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4,7.2 Planned Procedures

Once the crew has loaded the deorbit burn target on the DEORB MNVR display
for the RCS SEL (+X RCS) option, they will maneuver to the indicated iner-
tial attitude that has been calculated. Venting of the Orbiter can cause
the Orbiter to wallow in the 3.59 deadband for some 15 minutes before the
burn. The crew should not waste RCS propellant in retweaking the needles
just before thrusting (except maybe in roll) because they would needlessly
be adjusting to the same reference that had been established previously.

With the onset of THC +X, the crew is instructed to maintain PITCH ATT ERR
+30, :

:00 +X-- (No Deorbit >TIG+ | | : |_T |)
Maintain PITCH ATT ERR %30
Monitor AVTOT

The DAP will control to an inertial attitude of 30 but any misalignment
of the thrust vector will be indicated as error on the ADI attitude error
needles, which are really thrust vector error indicators. The net thrust
of the +X thrusters is above the c.g. causing a small downward pitching mo
ment. If the RCS DAP is controlling the attitude, it will allow a drift
down to -39 (error needle +30), then fire pitch up jets. The upward pitch
will decrease due to the +X jets downward pitch moment until the pitch
comes back to -390 causing another RCS pitch up correction.

The proper technique for handling +X RCS burns is to command a manual
pitch up maneuver when the pitch error needle reaches +3°. Hold the RHC
out of detente until the needle goes down to -39 then release the RHC.
This resets the RCS phase plane zero point to 30 high. The net error of
-20 to -30 that the RCS phase plane control will then hold should keep the
error needle centered around 0°. Remember, the error needle is still
comparing desired to precalculated thrust directions and does not direct-
1y show the errors driving the DAP. Hence, the pitch error needle can be
showing zero even when the Orbiter is bouncing of f the edge of the +30

DAP deadband.

When using this technique, the pilot will see that the error needle does
not hold precisely at 00, rather it drifts up very slowly. Every minute
or more, another RHC positive pitch correction is necessary to bring the
error needle back to -30.

Starting ~30 seconds before the RCS burn terminates, the pitch error nee-
dle starts bouncing around erratically. This is related to the accelerom-
eters being in the nose of the Orbiter rather than at the c.g. The pilot
is warned again not to follow the error needles if they become erratic.
Hold attitude on the ADI and complete the burn.

Remember that the OMS propellant system is being used, so all the propel-
lant checks that the crew performs during an OMS engine burn should be
done here as well.
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The RCS BURN Cue Card (fig. 4-8) is a lot less crowded than the OMS engine
cards so there is room for the 'Monitor AVIOT' reminder. This is espe-
cially appropriate for an RCS burn because there is no guided cutoff. The
burn is terminated by the CDR releasing the THC. The prime cue for this
action is AVTOT. Remember, however, that AVTOT should always be monitored
and, moreover, that there are plenty of other things to monitor during any
kind of OMS burn (see section 4 of 'OMS Users' Notes').

The 'crossfeed cue' is AVTOT.

l I OMS TK SW:
R OMS XFEED (two) - OP
AVIOT L OMS XFEED (two) - CL

This is not strictly a crossfeed, of course. The RCS is interconnected to
the OMS and the interconnect is switched from one OMS pod to the other to
access the propellant necessary for the burn and to balance the Y c.g. No
direct OMS propellant quantity information is available.

After the burn, reconfigure to burn RCS propellant before trimming out the
Y and Z residuals (presumably VGOx will be zero since that is the crite-
rion for stopping the burn). The rationale is the same as in section
4.5.4.2.

CUTOFF VGOx = 0, RELEASE THC
AFT RCS RECONFIG
Trim inplane X,Z RESIDUALS < 2 fps
(< 0.5 fps if shallow)

4.7.3 OMS PRPLT Fail

The gray OMS PRPLT FAIL section of the RCS DEORBIT BURN cue card conta1ns
instructions to follow in the event of a propellant failure.

The equivalent of an OMS engine failure would be a +X RCS jet failure but
this is not specified on the RCS DEORBIT BURN cue card. If ample propel-
lant were available, an RCS deorbit would be targeted to withstand one +X
jet failure and whether or not to continue the burn with jet failures
would be handled by a comment to the DEL PAD for that particular burn.
The DEORBIT BURN MONITOR cue card is used for failures as with the OMS
BURN cards although there are obviously failures on the Monitor card that
apply to OMS engines only.

As in the other deorbit situations, targeting for RCS deorbit assumes that
all the preburn propellant can be used, which is no Tonger valid after a
propellant failure. Moreover, an OMS propellant failure occurring while
the +X RCS jets are burning OMS propellant may cause damage to the jets
rendering them unusable even with aft RCS propellant. It is a bad day if
you get a propellant failure after the two OMS engine failures that re-
quired the RCS deorbit. If HP > safe HP, stop the burn and regroup. If
HP < safe HP, there is no alternative but to press on.
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|77:HOOK::::| DEORBIT |:::HOOK:::: |0V099/
::VELCRO:::| BURN |::VELCRO::: |DEORB/
ceserziizz:| (RCS)  f:i:iziezzii:i::|BAS 3

/MM302 °° /RCS SEL  CNTL PWR (two) - ON
vOAP - DISC °° ADI - LVLH/MED/MED
vRCS BURN CONFIG
T1G-2 L,R OMS He PRESS/VAP ISOL A (two) - OP
ceoons ..Wait 2 seciie.ees B (two) - OP

:00  +X°* (No Deorbit > TIG + l)

|
|1
Maintain PITCH ATT ERR +30
Monitor AVTQT

| oms TK sw:
R OMS XFEED (two) - OP

COIOISGL {two) - 2’ :
_ XFEED {two)} = CL
t, safe HP {STCP BURN):
APTs - SHUT D8 ’

| safe HP (CONTINGE):
3+ EXEC S ST L A
e HfOMS PRPLTLOW oevnnrnrnnnnnneccncees

* ok M % % % B B B O

Release THC at —P } AVTOT :
Aft RCS RECONFIG | I
THC +X to TGT HP or TOT AFT QY 1 | % :

If CUR HP ¢ PRI HP FRCS to PRI Site

If CUR HP > PRI HP } and < B/U HP }j } :
FRCS T0 B/U Site |—i— L

If CUR HP > B/U HP | THC +x to |, ——
1" 8/0 P

or TOT AFT QTY 2 } i }; FRCS to B/U STte

MNVR to -X ATT (pitch up at 39/sec to VGOz =
(+#)1/4 avTOT)

-------------------------------------------------------

CUTOFF  VGOx = 0, RELEASE THC °°
AFT RCS RECONFIG
Trim inplane X,Z RESIDUALS < 2 fps
(¢ 0.5 fps if shallow)

|

se00880 0000600000060

Figure 4-8.- Deorbit BURN (RCS) cue card.
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The cue card does not give any specific instructions on how to continue
if this is necessary. Too many different situations are possible to be
handled with explicit instructions when the whole general area has such

a low probability (three failures). The failure may have occurred before
the OMS TK SW in which case the crew can try to switch to the other side.
If the failure occurred after the switch, the crew may switch back to the
first side to use whatever good propellant remains there. Basically,
whatever good OMS propellant is available should be used before reconfig-
uring to burn aft RCS propellant. If the +X RCS jets are damaged beyond
use because of the propellant failure, you have to move down the card to
the -X burn completion. At this point you may start wondering what you
did to deserve this.

4.7.4 OMS PRPLT Low

to complete the burn. The AVTOT 'Release THC at | |' cue essentially
replaces the OMS percent versus RCS AV (or Burn Time) that the crew has
to calculate from the c.g. slide rule cue card for a propellant failure
during a two- or one-engine OMS burn (section 4.5.4.1.1).

MCC will calculate in advance whether enough OMS proie11ant is available

.. If OMS PRPLT LOW ...evn-.. e, .

" Release THC at —=| | avroT
. AFT RCS RECONFIG

The PAD value for the THC release AVTOT cue assumes a nominal RCS burn
with an OMS TK SW at the PAD value. If OMS PRPLT is Tow because of a
PRPLT FAIL and the burn has to be continued, this will not be a valid cue.
The crew must estimate how much OMS propellant is still available to avoid
possibly damaging the +X RCS jets by burning the tanks dry during OMS/RCS
interconnect. The only way to do this at this time is to use the OMS per-
cent versus RCS AV/Burn Time table on the X c.g. calculator cue card. How
much information is available or can be reconstructed depends on the de-
tails of the failure situation but there is not much else you can do here.

Once the THC is released and the RCS system is configured to burn RCS pro-

pellant, the cue card procedures are identical to those in the 2 ENG and
1 ENG DEORBIT BURN cards.
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THC +X to TGT HP or TOT AFT QTY 1 | [ | %

If CUR HP < PRI HP , FRCS to PRI Site

If CUR HP > PRI HP and <B/UHP | |,

FRCS TO B/U Site

If CURHP > B/UHP || | , THC +X to | _[_|

B/U HP
or TOT AFT QTY 2 | ] | ; FRCS to B/U Site
MNVR to -X ATT (pitch up at 39/sec to VGOz =
: (+)1/4 AVTOT)

ooooooooooooooooooooooooooooo

4.8 UNBALANCED PRPLT DEORBIT BURN

4.8.1 Purpose

This is the longest deorbit cue card (fig. 4-9). The procedure is de-
signed to change the Y c.g. by burning more OMS propellant on one side

than the other using OMS crossfeeding during part of the burn to feed pro-
pellant from one side to both OMS engines. This procedure would normally
be used when, due to operations earlier in the flight, one OMS pod was

used more than the other. This is not considered an off-nominal procedure
in the sense that a one-engine or RCS deorbit burn because the burn is exe-
cuted with all components of the OMS system working.

4.8.2 Nominal Procedure

Because both OMS engines are used for this burn, the He PRESS/VAP ISOL A
valves are set to 'OP,' then to 'GPC,' and the B valves are set to 'GPC'
before the burn as is done in a nominal 2 ENG deorbit burn.

L,R OMS He PRESS/VAP ISOL A (twog - OP then GPC
B (two) - GPC

TIG-2

The burn is begun exactly the same as a nominal two-engine deorbit to con-
firm that both propellant systems and engines are working properly.

At a precalculated AVTOT (part of the propellant PAD), the OMS crossfeed
valves are opened and the tank isolation valves on the overused side are
closed.

l AVTOT: Feed 2 ENG from 1 POD
OMS XFEED (four) - OP (tb-OP)
START || TK ISOL (two) - CL (tb-CL)

The PAD includes a little square before 'TK ISOL (two)-CL (tb-CL)' in
which to write either an L or R to remind the crew which is the light side.
As soon as the proper Y c.g. is achieved, the closed tank isolation valve
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/MM302 °° /OMS BOTH CNTLR PWR (two) - ON
Enter TGO + 5 sec
JTRIM: P +0.0, LY -5.7, RY +5.
/DAP - AUTO'(PASS)/DSC e ADT - LVLH/HI/MED
L,R OMS He PRESS/VAP ISOL A (two) - OP,then GPC""
B (two) - GPC b
TIG-2 OMS ENG (two) - ARM/PRESS **
-:15 EXEC '* (MO EXEC > TIG + 1] N
:00 TIG °° (vPc. AVTOT, ENG VLVs; start watch)
* [f no OMS ignition, APUs - SHUT ON
* OMS PRPLT FAIL (STOP BURN):
OMS ENG (two) - OFF, APUs - SHUT DN
*  Affected OMS TK I‘O' (two} - CL

* OMS EMG FAIL {CONTINUE BURN):
Failed OMS ENG ~ OFF

OMS XFEED
at R ENG FAIL L EHG FAIL
AVTOT I I

%R

BOTH O!MS ENG FAIL csmnus BORT)
CHS ENGs - OFF
Interconnect OMS to RCS
THC +x (/U‘-!S % vs RCS Burn Time)

THC +X (/UP‘S % vs RCS Burn Time)

] AVTOT: Feed 2 ENG from 1 POD
O'IS XFEED (four) - 0P (tb-0P)
TK ISOL (two) - CL (tb-CL)

* OMS PRPLT FAH:TSTOD BURN)
ENG (two) - OFF, APUs - SHUT DN
Affected oMs 1K ISCL (two) - CL
XFEED (two} - CL
oMS ENG FAIL (CCNTINUE BURN):
Failed OmS ENG - OFF
| TX ISOL étwo; - 0P at b ‘ AVTOT
K ISOL (two) - CL

o ok b ok oF N b % b b b kO % % %

%ok o % b % b % % % % # F

I
BOTH OMS ENG FAIL (CONTINUE BURN):

OMS ENGs - OFF
Interconnect OMS to RCS

THC +X (/OMS % vs RCS Burn Time)

OMS TK SW

THC +X (/0MS % vs RCS Burn Time)

| | AVTOT: Return to 2 ENG, 2 POD FLOW
STOP | J.TK ISOL (two) - OP (tb-OP)
OMS XFEED (four) - CL (tb-CL)

* OMS PRPLT FAIL:

HP >{"T T |ror [T T |R(STOP):
OMS ENG (two) - OFF, APUs - SFUT oN
Affected O' S TK IS(EL (two) ] )

HP < |Lor i R CO HTINUE):
Faiied 0' ENG - OFF
ITEM 138 +0 EXEC
Affected C4S He PRESS (two) - CL

TX ISOL {two) - CL
when Pc < 80%, 2nd 'S ENG - OFF
COMPLETE RC3 (PRPLT FAIL)

OMS ENG FAIL (CONTINUE BURN):

Failed ENG - OFF
o 1/2 of
~ AVTOT
- a

GiMS XFEED at
t FAIL

LR I I 2R R I
R A R N

)
WL

T[T

RCS COMPLETION:
ANY OMS PRPLT FAIL:
If HP > ] i safe HP: APUs - SHUT ON
< , safe HP: I'cnect to
300d OMS PRPLT
THC +X (/TS % vs RCS Burn Time)
AFT RCS RECONFIG
THC +X to TGT HP or TOT AFT QTY 1 | [
If CUR H? < PRI HP , FRCS ta PRI ?ite |
If CUR H? > PRI HP and < 8/U HP N
FRCS T2 8/U Site
If CUR HP > B/U HP ] 1, THC +X to
B/U HP | |
or TOT AFT QTY 2 | [ [ FRCS to B te
HVR to -X ATT (pitch up at 39/sec to VGOz =
THC -X (+)1/4 avTOT)
BOTH OMS ENG FAIL:
GiS ENGS - CFF
Intercoanect OMS to RCS
THC +X (/045 % vs RCS Burn Time)
OMS TK SW
THC +X (/045 % vs RCS Burn Time)
CUTCFF "~ ) ( | o )
+:02 Q4S £niis) - 0FF o (If < 3 1M, at
* AFT RCS RICONFIG if I‘ITERCO’\I‘\ECT l
Trim X.2 recidaals < ¢ fps (< U.5 tps if shal]o».)

Figure 4-9.- UNBALANCED PRPLT DEORBIT BURN cue card.

0V099/DEORB/BAS
ok ko % o N Rk R % % b kb kR % R b O b b b Ok Ok Ok k%

H ok b b % % b b Ok ok b 3 b b 3 % b ok b b R b b b oF Ok b % Ok o Ok b % % % %
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is opened and the crossfeed valves are closed. The procedure is similar
to crossfeeding in a T-38. The cue for ending crossfeeding is, again, a
AVTOT value from the propellant PAD.

| T T | AVTOT: Return to 2 Eng, 2 POD FLOW
STOP |—_| TK ISOL (two) - OP (tb-OP)
OMS XFEED (four) - CL (tb-CL)

The same L or R mentioned above is>written in here to remind the crew
which tank isolation valves to open. This time, however, it should be
obvious because only one side is closed.

From this point on, the burn is completed exactly as a nominal two-engine
deorbit burn. Inspection of the off-nominal (gray) section taking up most
of the second page of this cue card procedure will show that it is identi-
cal to the entire gray section of the 2 ENG DEORBIT BURN cue card, so it
will not be discussed further. Only the gray sections covering failures
prior to the end of crossfeeding will be covered here.

4.8.3 OMS PRPLT Fail (Before or During Crossfeeding)

The reason for doing an unbalanced propellant burn in the first place is
to balance the Y c.g. If a propellant failure occurs early in the burn,
before the crossfeeding to balance the Y c.g. is complete, then the calcu-
Jations used to plan the burn are no longer valid and the orbiter may end
up with an unacceptable Y c.g. and probably not have enough good propel-
lant remaining for the required AV. It is safer to stop the burn and let
MCC decide how to proceed. If the propellant failure is on the previously
underused side, then a mixed crossfeed deorbit burn may be required to bal-
ance the Y c.g. (see section 4.9). The burn is planned to begin the feed
from one pod procedure early (about 10 seconds after TIG) and hopefully
the crossfeeding will be completed while the Orbiter is above the safe HP.
Thus, any OMS propellant failure is cause for terminating the burn as in-
dicated by the '(STOP BURN)' instruction.

* OMS PRPLT FAIL (STOP BURN): *

* OMS ENG (two) - OFF, APUs - SHUT DN * Before

*  Affected OMS TK ISOL (two) - CL * crossfeeding
* OMS PRPLT FAIL (STOP BURN): *

* OMS ENG (two) - OFF, APUs - SHUT DN * During

*  Affected OMS TK ISOL (two) - CL * crossfeeding
* XFEED (two) - CL *

The only difference between the procedures before and during crossfeeding
is that during crossfeeding the XFEED valves are open and hence must be
closed in the event of a propellant failure to isolate the failed system.
Special circumstances, such as a deorbit burn from a 105 n. mi. orbit
(safe HP ~ 103 n. mi.) may possibly allow a propellant failure before or
during crossfeeding. There is no reason ever to stop a burn below the
safe HP so if the crew has to press on in this case, the cue card proce-
dures for a propellant failure before or during crossfeeding no Tonger
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apply. The procedures for a propellant failure after crossfeeding is com-
pleted could be used in this situation and the crew has to accept the re-

sulting Y c.q.

4.8.4 Engine Failure Prior to Crossfeeding

4.8.4.1 OMS ENG Fail

The procedures are similar to the engine failure case during a balanced
propellant burn: continue burning the good engine, and switch to cross-
feeding propellant from the other side partway through the burn. However,
instead of using 1/2 x AVTOT at the time of engine failure as the cross-
feed cue, the crew uses precalculated AVTOT values.

AVTOT l

* (OMS ENG FAIL (CONTINUE BURN): *
*  Failed OMS ENG - OFF *
*  OMS XFEED *
* at R _ENG FAIL L ENG FAIL *
* *
* *
* *
* *

l %L l________l %R

These cues ensure that the proper c.g. will be attained when the burn is
complete. Clearly the time of crossfeeding will depend on whether the
engine failure occurs on the 'light' or 'heavy' propellant side because it
is desired to feed longer from the heavy side. Two sets of AVTOT and per-
cent quantity crossfeed cues are given; the one on the left is used when
the left engine is burning (i.e., the failure is on the right side). Re-
member that once the gray off-nominal procedures section of the cue card
is entered, that section is used for the remainder of the burn.

4.8.4.2 Both OMS ENG Fail

This is a standard RCS completion. Percent quantity is not available with
only RCS jets firing so the method of interconnecting to either OMS is
used as explained for the balanced Deorbit Burn (2 ENG) cue card (4.5.4.2).

* BOTH OMS ENG FAIL (CONTINUE BURN): *
*  (OMS ENGs - OFF *
*  Interconnect OMS to RCS *
*  THC +X (YOMS % vs RCS Burn Time) *
* OMS TK SW *
* *

THC +X (/OMS % vs RCS Burn Time)

This gray section prior to crossfeeding is complete in itself. At the end
of either the OMS ENG FAIL or BOTH OMS ENG FAIL procedure, skip to the CUT-
OFF instruction at the end of the second page.
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4.8.5 Engine Failure during Crossfeeding

4.8.5.1 OMS ENG Fail

At this point, both engines are being fed from the heavy pod, with the
crossfeed valves open. No matter which engine fails, the other engine
will continue to receive propellant. In the nominal procedures, cross-
feeding is ended when the proper Y c.g. is obtained and both engines com-
plete the burn from their own pods. However, it is not allowed to feed
the one remaining engine in this case from both pods. This could allow
propellant to flow from one pod to another through the open crossfeed
lines if the propellant pressures differed sufficiently from side to side.
Instead, the 'heavy' side propellant is burned for longer than in the nom-
inal case and the burn is then completed with propellant from what was
originally the 'light' side. The crossfeed valves remain open for the
duration of the burn and only one pod is feeding at any given time. The
AVTOT, percent quantity, and L/R cues are provided in the PAD and are pre-
calculated to end up with a balanced c.g.

* OMS ENG FAIL (CONTINUE BURN):

*
* Failed OMS ENG - OFF *
* *
* :: TK ISOL (two) - OP at — ANTOT *
* | | TK ISOL (two) - CL *
%* *
%* %*

HET=

4.8.5.2 Both OMS ENG Fail

The rationale here is the same as the previously discussed BOTH OMS ENG
FAIL case.

* BOTH OMS ENG FAIL (CONTINUE BURN): *
*  OMS ENGs - OFF *
*  Interconnect L OMS to RCS *
*  THC +X (YOMS % vs RCS Burn Time) *
*  OMS TK SW *
*  THC +X (YOMS % vs RCS Burn Time) *

As with the failures prior to crossfeeding, these procedures go all the
way to burn completion. Skip directly to the CUTOFF instruction.

4,9 MIXED XFEED DEORBIT BURN

4.9.1 Purpose

This is a somewhat involved procedure designed to restore Y c.g. balance
in the event of a propellant leak or trapped propellant in either the fuel
or oxidizer tank in one OMS pod. It involves feeding fuel from one pod
and oxidizer from the other pod for part of the burn. This flow requires
nonstandard valve settings that are not available via the normal switches,
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hence a GPC read/write procedure is necessary prior to the burn to config-
ure the valves. Note that the mixed crossfeed procedure does not provide
any more AV than would have been available had it not been used. It mere-
1y balances the Y c.g.

An example is in order here. Suppose a leak has occurred in the left OMS
fuel tank depleting this tank entirely. Suppose further that approxi-
mately 50 percent propellant remains in each of the other three tanks and
corresponds to a helium pressure of 3700 psi. Fifty percent propellant
quantity in one pod gives 299 fps (see OMS He PRESS of 3700 psi on the
c.g. calculator cue card), which is close to what is needed for a nominal
deorbit. The burn could be carried out feeding all the propellant from
the right side, in which case the left oxidizer tank would remain 50 per-
cent full and all three other tanks would be empty following the deorbit
burn. This would cause a ~2-inch Y c.g. offset.

With the mixed crossfeed procedure, the burn will be started feeding oxi-
dizer from the left pod and fuel from the right pod. Halfway through the
burn, the left pod is closed and oxidizer and fuel are fed from the right
side for the rest of the burn. Following the burn, both fuel tanks are
empty and both oxidizer tanks are 25 percent full with a balanced Y c.g.
As stated above, the mixed crossfeed procedure results in a balanced Y
c.g. It does not provide any more AV for the burn because this is limited
by the total amount of fuel available.

OMS/RCS VALVE CONFIG (figs. 4-10 and 4-11) illustrate the OMS tank and
valve configurations at the start of this example and at the mid-burn re-
configuration point.

4.9.2 Nominal Procedure

Only one engine is used for this procedure. The cue card (fig. 4-12) is
written to use the engine on the 'good' propellant side (i.e., the side
with both pods intact). If necessary for some special reason, the other
engine could be used but this would require that procedural modifications
be uplinked to the crew. Prior to the burn, a GPC read/write procedure

is carried out. This procedure, 'OMS SSR-1,' is found in section 11 of
the '0V-102 System Malfunction Procedures.' This procedure causes the
proper combination of fuel and oxidizer tank valves and crossfeed valves
to be open in opposite pods when the TK ISOL and XFEED switches are in the
GPC position.

vL,R OMS TK ISOL (four) - GPC (tb-bp)
XFEED  (four) - GPC (tb-bp)

Note that the XFEED and TK ISOL switches on both L and R sides must be set
to 'GPC."' Normally, this would never be done because it would open a path
for propellant to flow from one side into the other if a sufficient pres-
sure differential existed. However, the crew has manually closed all the
TK ISOL and XFEED valves on the failed propellant tank (left fuel tank, in
the example given above) and on the tank that will not be used until part-
way through the burn (right oxidizer, in the above example) before going
to the GPC position. Thus, no open paths exist between the two pods. The

4-69

ENT/4a/FP2



£ \%,f/,
/rrkw\x,. /éw
*(¥) uoL1eanBLjuod SALRA SIY/SWO -°OL- 34nbi4
‘U4ng O 3J4e3S e suoijeanbLiuod SWO (®)
ot ie0 asow [ NO 3NION3 ¥ 440 3NION3 1
no [S] (3un1¥S 1303 1)
™WOIL1S0d %008 NUNG SWO b
o dd
D D D q s 0334X 43XIN o D D _lll_
v v
4 1
n n
' z £ v $ 0 0 o s v € 2 1
A
n4 _H_"” INY113d0Nd 18 ”“_ _ n3
@ @ @ 708§ 0 SATA 0 3INION3 . @ @ @
@‘ @ f'nM_ \_.wM_ x0 [)l a1aww ¥ 39und Q14NN X0 @ ﬁ_ @J .@
’ (d9 Q+) (d8 44)
, N 2d9 2d9 _E_
- $03334X €Q334X
—.m\v\n ¥ SHO ¥ SWO 1
(1D a4) l* A 123 v. o)
0= ShHA &
" M_LJMU B : lm__w "
_ (d8 a+) I S/v/E _
(dg 94) Jd9 -
2d9 ®70S! o
870S1 i 2/t
o an an A O_@ 0 e
0 0 0 0 8 2/
] v € v v 8 v
SS3Yd
*0S X0S %0 x0S OH 1
p (sl ] ndy na X017
o o
z z
o o
1 1
0 0 PLEY 0 0 S 1
9 ¥ INVT13d0Hd ON 31 dO g v So¥ 1
$70S1 dVYA/SS3¥d OH
SHO H108
g j Y T{

SWO

(V) 913INOD 3ATIVA SIDU/SHO

4-70

ENT/4a/FP2



*(g) uoL3eAnBLIUOD SALRA SIY/SWO -"LLl-t 24nbL4

*SUOL3RUNBLJU0D3A UANG-PLUl BA|RA pue juel SWO

035010 E

()

viLev 1830
NYNG ON1¥NG
N340 @ %00% NOVLE o 0
2d x0
D D D MOIL150d 033X Q3XIW D D D
IATVA
oL AN
1 T [ 4 H 0 5 — /— . - - - —
Im @L@ (D ar) (D ab) s m m mu E
| - WJU i a 1 4 L
: 80334X 90334 L
‘ e . SHO ¥  SNWO 1 S/Y/E
e/ @ N
SHA <> pa i
(d0 a4) 40 (19 9+) 10 ﬁ —
saost 37051
% 08 | s pa
an an O-E o
0 0 0 0 8 Y JTen
] v 8 v a Y @ Y
X0S %62 %0 53
p (1] n3y nia X071
(@)
¢ z
(@]
! 1
L
mo\mwww.u mun 10 970S! dvA
2oy (0] 10 /5S34d  OH
8 v ] v SWO 1
3y Iy}

(8) 914NOD 3ATVA SOU/SHO

4-71

ENT/4a/FP2



TK ISOL and XFEED talkbacks are all barberpole, which indicates a mismatch
in configuration, caused by the read/write procedure.

The 1 ENG OMS burn procedure of sequentially setting the He PRESS/VAP ISOL
A and then B valves to 'OP' is used.

If the He PRESS/VAP ISOL valves on the failed propellant side (left, in
the example given above) are opened to pressurize the good tank (left
oxidizer), the He may be lost through the leak in the failed tank (Teft
fuel). This means that despite the He PRESS/VAP ISOL valves being open,
the left oxidizer tank might still be operating in the blowdown mode. To
avoid a tank pressure imbalance that could lead to an improper propellant
mixture ratio, the tank on the other side (right fuel) would be operated
in blowdown as well, until reconfiguration to both 'good' tanks (on the
right side, in the example given above). For this reason, the OMS He
PRESS/VAP ISOL valves normally are not opened on either side at the begin-
ning of the burn. However, if the propellant tanks have not yet reached
blowdown level (~35 percent propellant), the helium valves may have to be
manually cycled to force matched tank pressures between oxidizer and fuel
(even though helium is leaking) to obtain sufficient AV for the burn.

Note that the burn is begun using the off-nominal valve configuration with
the altered 'GPC' switch settings. The valve positions will have been
checked by MCC prior to deorbit, after the GPC read/write procedure, and
the valves are not moved again until the proper time for reconfiguration
during the burn. The reconfiguration time occurs at the AVTOT and percent
quantity cues taken from the propellant PAD.

. AVTOT: Feed from GOOD POD (if reqd)...
|__|OMS He PRESS/VAP ISOL (two) - OP .
o TK ISOL (two) - OP (tb-OP)
L,R OMS XFEED (four) - CL (tb-CL)
| TT_T_| |__|OMS He PRESS/VAP ISOL (two) - CL
TK ISOL (two) - CL (tb-CL)

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Now that only the good propellant system is being used, the He PRESS/VAP
ISOL valves on the good side can be opened.

Note that under the percent quantity cue there are three small squares.
The first contains 'L' or 'R,' and the others contain '0OX' or 'FU.' Since
only one tank is being used from the 'good' side only one quantity should
be monitored. For the reconfiguration, the He PRESS/VAP ISOL valves on
the good side (right side, in the above example) are opened, if they were
not previously opened during the mixed configuration at the start of the
burn. The TK ISOL valves on the good side are opened and all crossfeed
valves are closed. Finally, the He PRESS/VAP ISOL and the TK ISOL valves
on the bad side are all closed. For all these reconfiguration settings,
the hardwired OP and CL switch positions are used because the GPC posi-
tions were altered by the read/write procedure. The talkbacks change from
barberpole to OP or CL. The rest of the burn is then carried out in this
normal single-engine configuration with both propellant tanks on one side
feeding the engine on that side.
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Figure 4-12.- DEORBIT BURN (MIXED FEED) cue card.
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4.9.3 O0ff-Nominal Procedures

N ,,,
S

4.9.3.1 OMS PRPLT Fail

It is a bad day if a second propellant failure occurs on top of the propel-
lant failure that led to the use of this procedure in the first place. As
with the other off-nominal burns (one-engine, RCS), the procedure here in
the event of a problem during the burn is to shut down if this can be done
safely (i.e., HP > safe HP) and allow time for MCC to reconsider the re-
maining propellant availability.

S’ /

* OMS PRPLT FAIL:

HP > ||, safe HP (STOP BURN):
Failed OMS ENG - OFF, APUs - SHUT DN
L,R OMS He PRESS (four) - CL

TK ISOL (four) - CL
XFEED (four) - CL

* % % o F o

* % o * o

If the burn is to be continued, the engine is turned off, the OMS tank
ijsolation valves are closed, propellant wasting is terminated, and a nor-
mal RCS completion with RCS propellant is carried out.

* HP < | T |, safe HP (CONTINUE BURN):
Failed OMS ENG - OFF

ITEM 18 +0 EXEC

OMS TK ISOL (four) - CL

Complete RCS (PRPLT FAIL)

* o o *
* % o F *

The RCS COMPLETION: OMS PRPLT FAIL procedure is the same as for the cor-
responding sections in other OMS burn procedures following the AFT RCS
RECONFIG instruction.

* RCS COMPLETION: *
* (OMS PRPLT FAIL: *
*  THC +X to TGT HP or TOT AFT QTY 1 | [ | % *
* If CUR HP < PRI HP | | | , FRCS to PRI Site *
* If CURHP > PRI HP || and <B/UHP |_ [ |, *
* FRCS TO B/U Site *
* If CUR HP > B/U HP l | I THC +X to *
* B/U HP *
* or TOT AFT QTY 2 | [ | ; FRCS to B/U Site *
* MNVR to -X ATT (pitch up at 39/sec to VGOz = *
* (+)1/4 AVTOT) *
* THC -X *

The MIXED CROSSFEED DEORBIT BURN cue card is the only one that does not
contain an 'AFT RCS RECONFIG' instruction at this point as there is no
possibility of interconnecting the RCS to an OMS propellant system. After
a propellant failure, there is probably no complete propellant system left.
Hence, the RCS is always configured to burn its own propellant and no re-
configuration is necessary.
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4.9.3.2 OMS ENG Fail

The GPC valve configuration is set up for the engine on the good propel-
lant side. If that engine fails, the other engine cannot be used and the
burn must be completed using the +X RCS jets.

. % OMS ENG FAIL (CONTINUE BURN): *
* Failed ENG - OFF *
* (Complete RCS (OMS ENG FAIL) *

OMS propellant can still be used, however, with some additional switch
reconfiguration indicated on the second page of the MIXED XFEED cue card.

* RCS COMPLETION: , *
———————————————————————————— (hinge Tline)

OMS _ENG FAIL: *
|| OMS XFEED (two) - OP *
LR RCS XFEED (four) - OP *

*
*

*

TK ISOL (six) - CL
THC +X (YOMS % vs RCS Burn Time)

* % % o

If the engine failure occurs while mixed crossfeeding is going on, the

OMS XFEED switches on the good propellant side must be changed from GPC

to OP (tb changes from BP to OP). In the GPC position, the OMS fuel XFEED
valves were all closed. For RCS interconnect, the OMS fuel XFEED valves
on the good propellant side must be opened. The RCS XFEED valves are all
opened and the RCS TK ISOL valves all closed, as in all interconnect pro-
cedures. Once the interconnect is accomplished (PLT call to CDR), the

CDR adjusts the attitude with the RHC and starts the +X RCS burn with the
THC.

It may be that insufficient propellant remains to complete the burn using
the +X RCS jets. This should be checked using the OMS percent versus RCS
Burn Time table on the c.g. calculator cue card (see section 4.5.4.1.1)
to prevent burning the tanks dry and possibly damaging the +X RCS jets.

The deorbit propellant PAD contains a AVTOT cue for reconfiguring from
mixed crossfeeding to a normal RCS interconnect.

* *
* Feed from GOOD POD at l l AVTOT *
* *
* || OMS He PRESS/VAP ISOL (two) - OP *
* TK ISOL (two) - 0P *
* | XFEED (two) - CL *
* *

T/0MS % vs RCS Burn Time)

The OMS TK ISOL valves on the good side are changed from GPC to OP (tb
from BP to OP), which opens the oxidizer tank isolation valves. The OMS
XFEED valves on the bad propellant side are changed from GPC to CL (tb
from BP to CL), which isolates the oxidizer tank on the bad side from the
RCS interconnect line. Note that in the mixed crossfeed procedure with

no OMS engine failure, the TK ISOL and He PRESS/VAP ISOL valves on the bad
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side are all closed as part of the midburn reconfiguration. For a +X RCS
completion following an OMS engine failure, these valves are not closed
until after the burn is finished (part of the postdeorbit switch config-
uration checks in the Entry Checklist). Closing these switches during

the burn adds only a little extra protection against additional failures
and is omitted because of the extra workload following an OMS engine fail-
ure..

If the OMS engine fails after the midburn reconfiguration, the OMS is in

a normal single-engine burn configuration and the nominal RCS interconnect
procedure should be used. This is shown on the INTERCONNECT, OMS XFEED,
AFT RCS RECONFIG cue card mounted between panels 07 and 08.

The OMS/RCS switch, valve, and tank configurations at the beginning of and
at the midburn reconfiguration point of a +X RCS mixed crosssfeed burn are
shown on OMS/RCS VALVE CONFIG figures (figs. 4-13 and 4-14).
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4.10 C.G. CALCULATOR CUE CARD

The capability exists at anytime during the mission for the crew
to calculate the current vehicle X and Y center of gravity (c.g.)
position using onboard resources. These data are required for on-
board c.g. management in the event of a contingency deorbit when
ground assistance may be minimal. As will be discussed in section
5, the vehicle X and Y c.g. must be within a predefined envelope
during the entry phase to insure controllability and to avoid ex-
ceeding thermal constraints.

Two devices are available to the crew for determining onboard c.g.;
the HP41C calculator system and the c.g. calculator cue card. Each
device can determine the X and Y c.g. to within a few tenths of an
inch of the actual c.g. and both devices are acceptable for onboard
use depending on crew preference. The following discussion is Tim-
jted to the c.g. calculator cue card. (For a discussion on the HP41
calculator system, the reader is referred to the HP-41C Flight Pro-
cedures Handbook.

General information on the c.g. calculator cue card is as follows:

o Requirement - For onboard c.g. management in support of critical
maneuvers when MCC is not available; i.e., AOA, or
contingency deorbit

o Application - Determine current c.g. (X and Y)

Determine propellant usage by source to move the c.g.
from one location to another

o FDF location - Documented in the Cue Card book
One assembled unit stowed in locker C6
o Data source - Operational Data Book

The c.g. calculations for onboard use have been simplified by pro-
viding a 'dry c.g.' to which the X and Y c.g. offsets due to OMS
and RCS propellants can be added to compute the actual c.g. The
dry c.g. is the X and Y c.g. of the vehicle minus the effects of
the propellant consumables. It includes the weight of the inert
Orbiter, the crew, cargo, nonpropulsive consumables, miscellaneous
cargo, and nongaged propellants (trapped). The dry c.g. is based
on expected nominal consumption of the nonpropulsive consumables.
A dry c.g. is provided for several discrete points in the mission
and can also be updated by MCC on a daily basis in the event the
expenditures of the nonpropulsive consumables deviate from the
nominal by an unacceptable amount.
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To determine the current c.g., a crewmember notes the remaining pro-
pellant quantities on the onboard gages. Using these values on the
c.g. calculator cue card, the c.g. offsets can be found. The offsets
are then added to the dry c.g. specified for that mission phase to
obtain the current c.q.

The X and Y sides of the c.g. calculator cue card are shown in fig-
ure 4-15. The X side consists of four circular scales with a common
shaft similar to a circular slide rule. The outer scale is grad-
uated from 1085 to 1110 inches and represents the expected range in
inches of the X c.g. due to OMS and RCS propellants.

The '|OMS|' scale represents the total of the average of the left
OMS fuel and oxidizer and the average of the right OMS fuel and
oxidizer. For full OMS loading, this scale would be graduated from
0 to 200 percent. Since OMS loading for the earlier missions is
less than 100 percent per side, the scale is graduated from O to 145
percent.

The circle labeled '|F RCS|' and '|A RCS|' provides the scales for
the aft and forward RCS. As with the OMS, the aft RCS scale is
entered using the total of the average right fuel and oxidizer and
the average left fuel and oxidizer.

The inner wheel labeled '|PRPLT|' converts total OMS in percent to
pounds, which is then used as an item entry in the onboard CRT AV ma-
neuver display. Also provided on the back of the c.g. calculator is
the dry X c.g. for discrete mission events. A movable index line
(not shown) is provided for scale settings.

The Y side of the calculator consists of five circular scales. Since
the OMS and aft RCS tanks are symmetrical to the X axis, there is a
circular scale for each tank set (average of fuel and oxidizer). The

forward RCS tanks lie on the X axis and have no effect on the 'Y'
offsets. The outer scale is graduated 0 to 3 inches in tenths.

Scaling

Scaling of each of the 'disks' is based on data presented in
table 4-II.
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CALCULATOR BAS 1
TS T ONS He | OMS | RCS | PCS BURN PL
1 presse | ov | av m:slsc BASELINE 5oY
2 : 1 n
200 | 36| 31| 00:57 ROA 1099.0 | KO
2200 58 | 50| 01:30 DAY 1 1095.2 | NO
Sioo | 101 | 36 | ozioe
’ DAY 2 | 1097.2 | YES
2500 | 124 | 105 | 03:10
O S R DAY 5 | 1097.9 | YES
2800 | 185 | 155 | 04:4%
2900 | 170 | 142 | 05:17 “1f TORS
3000 | 187 | 157 | 05:47 not deployed:
3100 | 208 | 171 | n6:13 X + 2.1
3200 | 221 | 185 | 06:50
3300 | 239 | 199 | o07:21
3400 | 255 | 213 1 o07:51
3500 | 256 | 222 | o08:2l
3660 | 283 | 236 | 08:53
g | 299 | 249 | 09:2
3800 31s | 262 | 09:52 |
3900 | 331 | 276 | 10:22 aY CAPABILITY
RCS POD
4000 | 348 | 290 | 10:53
4100 | 363 | 372 1 11:20 12 FwD = 0.9 fps =X
*Valid one nour after (ast burn 1% AFT = 0.9 fps +X
OV099/5TS-6 NS gages unreltanle, OMS = 20 1bs/fps
use OMS He PRESS for quantity OMS = 6.5/fps/%

(a) X side
Figure 4-15.- The c.g. calculator cue card.
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TABLE 4-I1.- SCALING?

100 percent Nonusable
onboard Usable (included 1in
System reading (1bs) 'dry c.g."')

(1bs) (1bs)

OoMS 0X 8055 7875 80
(Per side) FU 4896 4787 43
ARCS (04 1543 1350 193
(Per side) FU 956 850 106
FRCS 0X 1603 1350 253
FU 939 850 139

aScaling is based on the propellant quantities.
o RCS tank moment arms considered constant

o OMS tank moment arms are considered constant

o Pounds per AX = 1 inch
- FRCS: 264
- ARCS: 797
- OMS: 576
o Pounds per AY = 0.1 inch

- ARCS: 237
- OMs: 217

o Tank failures (loss of fluid) or tank unbalance (leak or mixture
ratio change) requires a bias correction to gage reading to ac-

count for FU, OX weight differences (Mixture Ratio = 1.65 Ox/Fuel).
Refer to page 4-85.
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Sample Problem

The following sample problem is presented to illustrate the use
of the c.g. calculator. Refer to the figures on pages 4-79 through
4-83 for working the following example.

Example: Determine c.g. management for day 3 deorbit, AV required =
313

Onboard OMS, RCS gage readings: .
L OMS avg 36 percent R ARCS avg 77 percent FRCS 70 percent

R OMS avg _47 percent L ARCS avg _75 percent
83 percent 52 percent 70 percent

X c.q.
How to use: To determine current X c.g.

1. Set index to day 3 deorbit dry X c.g. (Assume 1086.4).
Zero OMS scales to index

Set index to OMS remaining (83 percent)

(78]
°

Zero ARCS scale to index

4, Set index to ARCS remaining (152 percent)

(8]
e

Zero FRCS scale to index
6. Set index to FRCS remaining (70 percent)

7. Read on outer scale under index the current X 'wet' c.g.;
X current c.g. = 1103.8

To determine propellant usage by source to move the c.g. from
one location to another

8. Reset under index the OMS propellant remaining.

9. Determine from table on cue card (page 4-74) the OMS percent to
perform AV = 313 fps. Read approximately 52 percent. 83 minus
52 = 31 percent remaining.

10. Reset index to 31 percent on OMS scale. Note c.g. location in
relation to '*' (X c.g. arrows - MNVR or no MNVR).*

11. Reset current FRCS remaining (70 percent) under index.
12. Note FRCS dump to O percent to obtain EI c.g. of 1097.5.

*NOTE: Must subtract (-2.4) for nominal entry without entry flight test
maneuvers; (-3.6 with) to obtain EI c.g.
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1020

Set index to day 3 deorbit dry X c.g. (D3) (1086.4). Zero OMS scale

to index

1.

FuD
oyl

2. Set index to OMS remaining (83 percent)
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3. Zero ARCS scale to index

096 E0yna7 47,7109
10 2=
P 5 09,
10 as S0

€018

({18}

4. Set index to ARCS remaining (152 percent)
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Zero FRCS scale to index

Set index to FRCS remaining (70 percent)
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\055/.- ‘50 o 05 Xn )
7. Read on outer scale under index the current X 'wet' c.g.
8. Reset under index the OMS propellant remaining
()
L./

9. Determine from table on cue card the OMS percent to perform a
AV = 313 fps. Read approximately 52 percent. 83 minus 52 = 31
percent remaining OMS propellant

10. Reset index to 31 percent on OMS scale. *Note c.g. location in re-
lation to '#!

*(X c.g. arrows - MNVR or no MNVR).
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11. index

12. Note FRCS dump to O percent to obtain EI c.g. of 1097.5*

*Compare EI c.g. (calculated) to c.g. envelope to ensure proper
X c.g. limits.
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Y c.q.

How to use: To determine current Y c.g. (using same propellant
loads from X c.g. examp]eg

1. Set index to (D3) deorbit

2. Zero R RCS scale

3. Set index to R RCS remaining (77 percent)
Zero L RCS scale

Set index to L RCS remaining (75 percent)
Zero R OMS scale

Set index to R OMS remaining (47 percent)
Zero L OMS scale

(Ve (0e] ~ [o)] o =
o L] ° L] L ®

Set index to L OMS remaining (36 percent)
10. Read on outer scale Y c.g. (0)*
PRPLT scale

The innermost scale Tabeled '|PRPLT|' is a quick approximation of OMS
propellant (in 1bs) to be burned.

How to use: To determine approximate propellant burned (using
same PRPLT loads from previous example)

1. Zero PRPLT scale to index prior to performing an OMS burn calcu-
lation (0 PRPLT at 83 percent)

2. Move index to reflect the OMS percent used for burn

3. Read the approximate amount of PRPLT burned (6700 PRPLT at 31
percent)

*Compare EI c.g. (calculated) to c.g. envelope to ensure proper
Y c.g. limits.
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Bias Connection for Failed or Unbalanced 0X, FU Tank (OMS or ARCS)

Since propellant fuel and oxidizer do not weigh the same*, it is neces-
sary to make a bias connection to the onboard gage reading for an unbal-

anced or failed tank condition.
how this can be done.

The following table and example show
As a rule of thumb, the 60/40 Ox/Fu ratio can

be used onboard to bias the gage readings in lieu of using the table.

Onboard
gage Fu Ox
percent
100 38 62
90 35 55
80 31 49
70 27 43
60 23 37
50 19 31
40 15 25
30 11 19
20 8 12
10 4 6
0 0 0

Use:

Enter appropriate side (wheel
equivalent Fu or Ox reading

Example: Loss of L OMS Ox tank
L oMS R_OMS
Fu 50 percent Fu 50
0x 0 percent Ox 50
Enter wheel with 19 + 50 = 69
Example: Unbalanced ARCS tank
L ARCS R_ARCS
Fu 47 percent Fu 50
Ox 20 percent 0x 50
Enter wheel with 20 + 10 + 50

Once you have determined the bias correction for failed or
Ox or Fu tank, then proceed as normal to calculate X and Y

*General approximation

by weight:

0x Fu
60 40
4-91
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SECTION 5
ENTRY OPERATIONS

5.1 CREW ENTRY MONITORING AND CONTROL

Refer to the attached supplements in the appendix for a discussion of
the entry aerodynamics response maneuvers.

The primary crew role during entry is to monitor and control the perform-
ance of the navigation, guidance, flight control, and other critical sys-
tems so that the Orbiter arrives at TAEM, A&, and runway interface with-
out violating any constraints. Cockpit dedicated instruments and CRT dis-
plays are available that present critical entry parameters for determining
vehicle performance and trajectory state. Uplinked advisory data and on-
board data cue cards will also be available to assist the crew in the moni-
toring task. From the available information, the crew assesses the per-
formance of the automatic guidance system and remains alert to take over
with manual guidance and control for an off-nominal situation.

Present planning (pending autoland flight assignment) calls for an auto-
guidance entry with crew takeover in CSS at Mach 0.95 for a manually con-
trolled landing. However, at any time during entry, conditions could arise
that would require crew takeover. Some of the conditions that could cause
an off-nominal situation causing crew manual takeover include the following:

Navigation errors

L/D dispersions

Atmosphere variations

Winds

Deorbit axecution errors

Unknown GN&C failures or degraded performance

OO0 000 O0o

Any of the preceding conditions, if left unchecked, could possibly lead to
unrecoverable range control or loss of vehicle control caused by aerovaria-
tions other than L/D. Recognition of the off-nominal situation as well as
the ability to determine that the GN&C is performing within limits is the
primary crew task during entry.

The purpose of this section is to present the crew techniques for monitor-
ing and controlling the integrated entry sequence of events.

A summary listing of the nominal entry sequence of events starting at Entry
Interface (EI) minus 5 minutes and continuing through Orbiter rollout is
contained in the table in section 5.1.5. For the significant events, data
sheets have been prepared that present the following information:

Name of the event

Best onboard cues and displays for monitoring when the event will occur
The VREL, altitude, range to touchdown, and the time the event will occur
The crew action associated with the event; i.e., monitor, awareness

only, or the procedural step in the Entry Checklist associated with the
event

S OO0 o
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o A general discussion covering event-related operational data such as
configuration changes as a result of the event, ground interface sup-
port, procedures rationale, crew techniques for monitoring and con-
trolling the event, major changes in performance capabilities or con-
straints caused by the event, and any backup procedures associated with
the event

A listing of GNC parameters monitored by the crew during entry and the
cockpit display that indicates these parameters is shown in table 5-I.

The ensuing discussions are generally limited to actions associated with
nominal operations. For discussions of selected off-nominal operations,
refer to appendix A.

5.1.1 Onboard Entry Event Reference

During entry, the events are keyed in the checklist to the best parameter
for monitoring the event rather than to a common base parameter. The fol-
Towing parameters are used in the checklist as event cues: d, EIT, EET,
VREL, H, M, drag, and delta azimuth.

Two clock displays are available for crew use as follows.

o Mission timer (first line on CRT) displays time to TIG and is set during
deorbit preparation to show 00:00:00 at TIG, counting up.

o CRT timer {second line on CRT) is set in MM 301 to count down to 00:00
at TIG, then count up. At the start of MM 303, the same timer is reini-
tialized to display EIT and counts down to 00:00 at EI, then counts up.

5.1.2 Cockpit CRT Assignments

The three CRT displays on the forward panel are configured as follows at
entry interface:

o CRT 1 (left) - ENTRY TRAJ or VERT SIT (PASS)
o CRT 2 (center) - Assigned to BFS as follows
o CRT 3 (right) - GNC HORIZ SIT

o With CRT 2 Major Function switch in GNC
- ENTRY TRAJ or VERT SIT with R, P, Y attitude errors digitally dis-
played for performance comparisons between PASS and BFS

o With CRT 2 Major Function switch in SM
- Primary display is display.
- Depressing SYS SUMM key calls SM SYS SUMM display.
Note: Depressing RESUME key restores display.

o At VREL ~13,000 ft/s - before tacan acquisition
- BFC CRT Display switch - OFF (DEU 2 goes to PASS control)
- Call HORIZ SIT SPEC (SPEC 50 PRO)
Note: BFC CRT Display switch - ON (DEU 2 reverts to BFS control if
required.)

o1
i
~nN
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TABLE 5-1.- ENTRY GN&C FLIGHT MONITORING PARAMETERS

Parameter

Avajlability

CRT
display?

Dedicated
display?

Acceleration (N;)
ADTA H ratio, residual
Aileron position
Aileron trim

Alpha actual

Alpha commanded

Altitude (NAVDAD or ADTA)
Altitude (radar)
Altitude rate

Altitude acceleration

Altitude rate bias
Altitude rate reference
Altitude rate guidelines
Beta (side slip attitude)
Body flap position

Course deviation
Delta azimuth

Drag actual

Drag commanded

Drag H ratio, residual

Drag reference

Drag reference - phugoid damper
Drag guidelines

Dynamic pressure

Equivalent airspeed

Elevon position (left, right, inboard, outboard)

Energy over weight

FCS saturation

F1ight prof ile guidelines
Glide slope deviation
Ground speed (post WOW)

Guidance square

Heading (magnetic)

Hinge moments
Mach/velocity

Ny (T1ateral acceleration)

Ny trim

pitch and roll body attitude error
with respect to guidance

Pitch rates

pitch attitude with respect to LV/LH

Pitch jet firings

Primary bearing

Primary miles

Radar altitude

Roll attitude with respect to LV/LH

v v v

F,G
J
A,B,C,D,E,F,G,H

A,B,C,D,E

J

b
A,B,C,D,E,F,G

A,B,C,D,E,F,G

o
M
=l

XXX 200

K (until g = 20)
0

2rr

N
0

Q + C&M
L
L

RErr— O RR =

apisplay key follows table.
byalid after probe deployment.
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TABLE 5-1.- ENTRY GN&C FLIGHT MONITORING PARAMETERS - Concluded

Parameter Availability
CRT Dedicated
display? display?
Rol1 commanded A,B,C,D,E K
Rol11 command - phugoid bank scale A,B,C,D,E
Rol11 jet firings Q
Ro11 rate K
Ro11 reference A,B,C,D,E
Ro11 reversal alert A,B,C,D,E
Rudder position dJ 0
Rudder trim A,B,C,D,E,F,G
Secondary bearing L
Secondary miles L
Shuttle symbol A,B,C,D,E,F,G,H
Speedbrake actual F,G,Jd 0
Speedbr ake commanded position F,G o,P
Tacan azimuth, range H
Tacan ratio, residual, absolute, delta H
Theta F,G
Yaw jet firings Q _
Yaw rates K (until q = 20)
apisplay key follows table.
byalid after probe deployment.
apisplay key
Code Display
CRT displays
A Entry TRAJ 1
B Entry TRAJ 2
C Entry TRAJ 3
D Entry TRAJ 4
E Entry TRAJ 5
F VERT SIT 1
G VERT SIT 2
H HORIZ SIT
1 OVERRIDE
J GNC SYS SUMM 1
Dedicated displays and lights
K ADI
L HSI
M AVVI
N AMI
0 SPI
P Sequence event lights
Q RCS activity Tights
R g-meter
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5.1.3 Dedicated Displays Data Source Management

The

the AMI, AVVI and the HSI.

TABLE 5-I1.- MANAGEMENT OF DATA SOURCE SWITCHES

following table shows the management of the data source switches for

Event L (CDR)2 R (PLT)3
HSI HSI |Air data| HSI HSI Air data
mode source mode source
EI Entry NAV/1| NAV Entry NAV/2 NAV
TAC
Tacan lockon 1,2,3;
then NAV
Deploy ADS R, L,
then NAV
TAEM I/F (Auto (Auto
modes to modes to
TAEM) TAEM)
ADS accepted
TAEM/ A/L 1/F (Auto , (Auto
modes modes
to A/L) to A/L)
Acquire MLS MLS/1 MLS/2

acbDR on DATA BUS 3, PLT on DATA BUS 4.
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5.1.4 Entry CRT Trajectory Displays

Five entry trajectory CRT displays are available for crew monitoring of
each of the four velocity phases of entry guidance: temperature control,
equilibrium glide, constant drag, and transition. The information presen-
ted on range, velocity, energy-to-weight ratio (E/W), altitude rate refer-
ence, and drag reference is based on STS-3 data obtained from the Engi-
neering and Development Directorate as the last I-load update to the entry
trajectory CRT displays. It is emphasized that this information will be
updated in the future as new I-load updates are made to the displays; how-
ever, the basic layout of each display should remain the same. The ENTRY
TRAJ 1 display(s) used in section 5.1.4.3: Use of ENTRY TRAJ CRT Displays,
and section 5.1.4.4: Phugoid Damper, are STS-1 displays. Before a discussion
of each display, from ENTRY TRAJ 1 to VERT SIT 2, a section on mission-
independent GN&C information common to all the entry trajectory displays
will be presented. Each display will be briefly outlined as to the defini-
tion of each of the trajectory guidelines, then a section will follow to
discuss use of the displays in monitoring the entry.

The ENTRY TRAJ 1 display shown in figure 5-1 is representative of the com-
mon GN&C information cited in the preceding paragraph. Additional informa-
tion on these CRT displays is also contained in SFOM, Volume 14.

-5.1.4.1 Entry CRT Parameters

1. The angle of attack currently being obtained from the ADTA SOP is in-
dicated by the (+) symbol. The angle of attack scale covers 250. An
arrow (+) is used to indicate the 'canned' alpha schedule based on
VREL. It is not the alpha modulation command as displayed on the ADI
pitch error needle. The actual a symbol (&) should nominally follow
the commanded + symbol except during roll reversals or whenever a drag
error exists. The actual alpha symbol will flash if the difference be-
tween actual and 'canned' a exceeds 29. Nominally this will occur dur-
ing roll reversals as the alpha modulation limits are greater than +20
from the 'canned' alpha schedule.

2. Drag acceleration in ft/s2 is scaled from 0 to 50 ft/s2 on the scale
opposite the actual/'canned' alpha. The () symbol is used to indi-
cate the actual drag acceleration from the entry User Parameter Pro-
cessor (UPP). The reference/commanded drag from entry guidance is
indicated by an arrow («). For each phase of entry guidance, refer-
ence drag is analytically computed from the reference drag velocity
profile as a function of range and dR/dD. The dR/dD (derivative of
range with respect to drag) is analytically determined by entry guid-
ance. Nominally, the steady-state drag and drag command symbols
should also overlay. If the steady-state actual drag differs from
commanded drag by more than 3 ft/s¢, the crew should take control man-
ually to correct actual drag to reference drag. If either drag symbol
reaches the off-scale position, it will remain there and flash. The
Flight Rules document contains definitions of current takeover criteria.

5-6

ENT/5.1:a/FP2

S’



3.

()
°

« SXXX/XXX/XXX ENTRY TRAJ 1 XX X DDD/HH!MM:SSﬂ\\

g DDD/ HHs MMs SS
5050 f v 1 10D 8D 6D
1 BIAS XX / / /
D REF XX.X 15D
45+ 40 [} XXX« X
A AZ XXX

40+ 30

35120

NY Xeo XXX

3010
NY TRIM X« XXX

| b Ko
250777 7/ ZERO H BIAS 2
e X

-180 -100 ROLL REF XXXXS

CMD  XXXX

Figure 5-1.- Entry trajectory 1 (representative).

A phugoid bank scale is displayed in the upper left corner of the dis-
play. A symbol (y) driven by roll error calculated by the Entry Dis-
play Interface Processor (DIP), based on achieving a biased reference
drag, is indicated by movement of the (v) along the scale. The Entry
DIP calculations are completely independent with respect to the entry
guidance ranging calculations. BFS stows the phugoid damper (v) until
closed-loop guidance is initiated. In PASS, the phugoid damper jumps
from side-to-side of the phugoid damper scale prior to guidance ini-
tiation. Additional information concerning this phugoid damper will
be presented in a subsequent dedicated section.

The Item Entry 1 allows an entry from the crew to bias the Entry DIP
Reference Drag for the phugoid damper. In BFS, Item 1 BIAS responds to
PASS inputs (DK listen) as well as BFS inputs. Bias values between +10
to -10 ft/s2 can be entered. Under certain situations, restrictions
are placed on the maximum bias that can be used. These cases will be
discussed later. The data entry slot will always reflect the current
value of the bias and will be initialized as zero at the beginning of
MM 304.

DREF, located immediately below the Item 1 BIAS, displays the value for
DREF calculated by the Entry DIP. For the phugoid damper, DREF is de-
fined as equal to D-BASE + BIAS-Item. D-BASE is determined from an I-
loaded linear drag versus velocity profile and the bias is from the
crew entry function defined earlier.
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6. Digital readout of the GNC dynamic pressure (g, 1b/ft2) input to the
Entry TRAJ Display Module from the ADTA SOP is located under DREF.

7. When the Entry TRAJ displays are driven by the BFS; ADI roll, pitch,
and yaw errors (R, P, Y) in degrees are displayed pre-BFS-engage only.
These BFS software-computed errors are displayed for comparison with
the PASS-driven ADI error needles. The signs of the error values are
driven U, D, L, or R to indicate fly-to errors; for example, the ac-
tion to null U (pitch error) is pitch up. On the PASS Entry TRAJ dis-
plays, a digital readout of DELAZ (heading error with respect to the
HAC tangency point) in degrees is displayed below the readout of q.
(Refer to fig. 5-3.) M-I-L simulations using programed test inputs
have shown the need for an accurate and easily interpretable display
of delta azimuth to allow crew phasing of delta maneuvers between
entry and roll reversals. The azimuth as read from the HSI cannot be
read accurately enough to use for entries that include data maneuvers
and possible manually initiated roll reversals.

8. Several trim parameters are digitally displayed on the entry displays
to aid the crew in assessing FCS performance and to permit proper man-
ual intervention if required.

Ny, lateral acceleration, comes from the Accelerometer Assembly (AA)
Tateral acceleration selection filter. Ny readout is in g's with a
range of -0.99 to +0.99q.

N, TRIM, lateral acceleration trim, comes from the Aerojet DAP yaw channel
DgT integrator and is also displayed in g's. Range is -0.99 to +0.99g.

AIL, aileron trim displayed in degrees, comes from the ATRIM function

of the Aerojet DAP roll channel, which integrates -the aileron trim
rate to output a limited aileron trim angle command. For the aileron

%rim,)'+' is represented by 'R' (right), '-' is represented by 'L’
left).

RUD, rudder trim displayed in degrees, comes from the RUD-INT function
of the Aerojet DAP yaw channel, which integrates the rudder trim

rate to output an integral rudder trim. The direction 'R' (right)

and 'L' (left) are driven in front of the trim value.

The following entry guidance parameters are displayed as digital readouts

in the lower right-hand corner of each display: H REF in ft/s, which

is the guidance-computed reference altitude rate; ROLL REF in degrees, the
guidance-computed reference body roll angle; and ROLL CMD in degrees, the

guidance-commanded body roll angle.

Item Entry 2, Zero H BIAS, allows the crew to reset the guidance-computed
altitude rate correction term to zero. The H BIAS term is zeroed upon
each execution of ITEM 2. Additional information concerning the H BIAS
function is contained in a dedicated section of this discussion. The R
BIAS readout in ft/s is the altitude rate feedback correction term calcu-
lated by entry guidance.
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The dynamic readout of H REF in ft/s is determined amnalytically by entry
guidance dependent upon whether the vehicle is in the temperature/equilib-
rium, constant drag, or transition phase of entry. This H REF is calcu-
lated as a function of the following parameters: atmospheric density scale
height, relative velocity, DREF, OREF, Cq, and Cq. The Cq and Cg:

terms are used to adjust H REF for changes in Cq along the nominal alpha
schedule.

ROLL REF is the reference roll angle (degrees) calculated in the (EGROLCMD)
function of entry guidance. Rol11 reference represents the steady-state
roll command for maintaining the desired drag profile. The basic differ-
ence between the roll reference readout and the roll command readout is
that roll reference is the guidance-calculated reference roll angle, which
does not consider the navigation-sensed drag and altitude rate to factor
drag error and H error into the calculation of a roll angle. The direc-
tion ('R' or 'L') precedes the magnitude of roll.

A parameter status indicator (S) immediately follows the ROLL REF readout
to indicate when the reference roll angle from guidance has decreased be-
low a calculated value. This value is 370 down to a relative velocity of
9500 ft/s, where the value becomes 20° to 4000 ft/s and below 4000 ft/s

the value is -50. (Minus 50 is an I-load value input to delete the caution
and warning below 4000 ft/s.) If the ROLL REF value from guidance becomes
less than the linear stepped roll versus velocity profile calculated in the
Entry DIP, the status indicator will show a down arrow (y) and a Class 3
alert will be triggered.

ROLL CMD is the roll angle (degrees) calculated in the (EGROLCMD) function
of Entry Guidance, which goes to the Aerojet DAP. Roll command includes
compensation for phugoid oscillations to converge to the reference pro-
file. As was inferred in the discussion of ROLL REF, the ROLL CMD calcula-
tion includes corrections for drag error and altitude rate error. ROLL

CMD is limited to a maximum of 700 if relative velocity is 8000 ft/s or
less to avoid excessive altitude rates in the transition phase of guid-
ance. The direction ('R' or 'L') precedes the magnitude of roll.

A dynamic Shuttle symbol (=8) represents the current Shuttle X-Y position

on the displays. The X-position on all the Entry TRAJ displays represents
the current navigation determined range (n. mi.) to WP2 via WP1l. This is
the same range used by guidance. The Y-position on Entry TRAJ 1, 2, and 3
represents the current vehicle ground relative velocity (ft/s) from naviga-
tion. The Y-position of the Shuttle symbol on Entry TRAJ 4 and 5 represents
energy over weight (E/W). The Y-axis (velocity or E/W) is a linear scale.
The X-axis (range) is a quadratic scale of the form C + C1 * R + C2 * R2,
where the C's are I-loaded scaling constants and R is the range to WP2.

The Shuttle symbol is replaced every 28.8 seconds on TRAJ 1 and 2 and
every 15.36 seconds on TRAJ 3, 4, and 5 by a Shuttle trailer symbol (v).

A 1imit of six is set on these trailers. The intent is to give the crew
an indication of the trend of the Shuttle trajectory over time against the
background Tines. The Shuttle symbol will flash to indicate a roll rever-
sal to the crew. Once the 1limit for the number of trailers has been
reached, each succeeding computation of a new trailer causes deletion of
the oldest trailer.
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A dynamic guidance symbol (O0) is plotted on each display to give the crew
an indication of a projected range error that is caused by drag being off
the drag reference. The X-position of the guidance symbol is calculated

in the Entry DIP and is based on a reference range. Reference range equals
R - DRDD (D - DREF). R is the range to WP2 from navigation (Entry UPP),
DRDD is the negative derivative of range WRT drag from entry guidance, and
D is drag acceleration from the Entry UPP. DREF is reference drag from
guidance. The DRDD is in n. mi./ft/s and is multiplied times drag error
in ft/s2, so the result is a delta range error that is subtracted from the
range to WP2.

A drag error will show on the display as a shift in the guidance symbol.
If drag trends lower than drag reference, the guidance symbol will move in
front of the Shuttle symbol indicating this as a range difference between
the current vehicle position and the guidance symbol range value. Flying
a lower drag will result in an overshoot of the target and a requirement
for a later high-energy trajectory. As stated earlier, the value for |D

- DREF| at which manual intervention would be required is specified in the
Flight Rules. If drag trends higher than drag reference, the guidance sym-
bol will move behind the Shuttle symbol. The Y-position of the guidance
symbol is the same as the Y-position of the Shuttle symbol; that is, rela-
tive velocity on the first three TRAJ displays, and E/W on the last two
TRAJ displays. By observing the movement of the guidance symbol with re-
spect to the Shuttle symbol, the crew can assess how well the vehicle is
flying the guidance reference profile (i.e., drag is converging to drag
reference). The crew can verify the presence of range error due to drag
error by observing the position of the actual drag symbol with respect to
the drag command arrow on the drag scale at the left-hand side of the TRAJ
display.

On every pass, the guidance symbol X-position is saved for use in computing
the guidance trailer symbol () location. The guidance trailer Y-position
is the same as the Shuttle symbol Y-position. The update frequency of
these guidance trailers is the same as that for the Shuttle trailers.

The logic for determining when a new display should be called is as fol-
lows: The logic checks to see if the Y-position of the Shuttle symbol is
below the X-axis of the current graph; if it is, the next display in the
OPS sequence is called. The Entry DIP also contains logic to determine
the current guidance phase and to call up the appropriate TRAJ display for
monitoring guidance. This function ensures compatibility between the TRAJ
displays and guidance in the event guidance transits early/late between
phases or skips a phase to solve the ranging problem.

5.1.4.2 Entry TRAJ 1 to 5 Background Lines

As discussed in a previous section, the fixed backgrounds of these TRAJ
displays are configured for five subphases of entry, are mission depend-
ent, and are designed to allow the crew to monitor the vehicle's progres-
sion compared to planned entry profiles. The background information pre-
sented as a series of solid and dashed lines is arrived at by mapping the
drag-velocity plot into a range-velocity (E/W for TRAJ 4 and 5) plot.
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The Entry TRAJ 1 display comes up automatically upon PRO to MM 304 and pro-
vides vehicle ranging and entry guidance information to the crew during the
thermal region (usually 24,500 to 17,000 ft/s). The range scale axis moni-
tors the vehicle's position usually between 3800 and 800 n. mi. The cen-
tral plot of this display contains two types of lines: (1) solid lines to
represent velocity versus range guidelines, and (2) dashed lines to repre-
sent lines of constant drag acceleration. A1l the succeeding displays are
similar in layout.

The five solid guidelines on this display represent (from left to right):

A thermal boundary representing drag versus velocity values
mapped into a velocity versus range plane that defines limit-
ing temperatures (maximum allowable one mission temperature)
of the forward chine (CP6 = 27000 F), and elevons (CP4 =
26000 F), between 24,000 ft/s relative velocity and the rela-
tive velocity marking the end of thermal region (usually 2
17,000 ft/s). The thermal line assumes an alpha of 400 F
with trimmed elevons and body flap.

o First

o Second - A guided solution trajectory line halfway between the thermal
7imit line and the nominal trajectory line.

o Third - This guideline is a guided solution targeted to a drag value
of 33 ft/s? and is called the 'nominal' line.

o Fourth - This line is also a guided solution targeted to a drag of 33
ft/s2 and is called the '@ = 370' line although bank is not
a constant 370.

o Fifth - This line is a wings-level, full-1ift equilibrium glide bound-
ary and is not a guided solution. Each data point is deter-
mined from a distinct guidance solution. The locus of these
points is the boundary line. On this boundary line, alpha is
400, If the shuttle symbol drops below this line, the pilot
has no absolute means of verifying that the target can be
reached. If drag does not continue to diverge from drag
reference, the target should be achievable.

The TRAJ 1 display contains six constant drag (dashed) lines. The number
of linear segments of lines (solid and dashed) that can be used on any dis-
olay is a software constraint (I-load 1imit). The dashed lines show the
drag acceleration required at different combinations of range and relative
velocity to acquire a flight profile that will have the correct trajectory
shaping and the targeted interface conditions. The solid and dashed lines
are mapped into the V-R-D plots using current guidance I-load information
from MPAD and off-line computer analysis techniques.

The references to a 'guided solution' profile reflect the E& computer
analysis that used guidance I-loads and equations to obtain range, velocity,
and drag data that were mapped as straight-line segments into the display.
These guide lines represent what the vehicle would fly using the guidance
equations. The @ = 370 guide line plotted in the drag velocity plane for
comparison with the drag versus velocity points corresponding to an actual
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P = 370 is shown in figure 5-2. Off-line analyses have determined that

in the presence of worst-case L/D (minus 3 sigma Tow) @ = 3790 is the minimum
bank required for the Orbiter to remain within the guidance azimuth dead-
band and solve the ranging problem. At slower velocities, below 9500 ft/s,
this minimum bank angle is 200.

TRAJ 1

TRAJ 2 TRAJ 3 TRAJ 4 TRAJ 5

52 ft/s?
2.5g

NIA
< P
& Q’yo iq
- X dan,
B ey
5 o - R~
| — £: 20 \\\
—\ "
—~———t

10.5

20 15 10 5 0x 103
velocity, ft/s

Figure 5-2.- Typical drag versus velocity plot (Cycle 2).

The negative numbers located at the bottom of the display (applies to all
TRAJ displays) correspond to the H reference values on the nominal tra-
jectory. As an example, with the Shuttle symbol vertically above the -60
ft/s_value on TRAJ 1 and on the 'nominal’ Tine with drag on drag reference,
the H should be approximately -60 ft/s. Because the number of values
allocated per display for A is also software limited (and to prevent a
cluttered display), only a few numbers are used at the bottom of the dis-
play as an approximate or 'ballpark' guide for H of the Shuttle as it
progresses down the display. The maximum error in navigated displayed al-
titude rate expected during entry is 43 ft/s. The same source of informa-
tion also estimates maximum entry range display errors of 8.3 n. mi. and
maximum relative velocity display errors of 40 ft/s.

These errors will be less obvious on the earlier TRAJ displays (1 and 2)
than they will on the later TRAJ displays (4 and 5) because of the scaling
of the range axis. For example, TRAJ 1 covers approximately 2700 n. mi.
and TRAJ 4 covers approximately 335 n. mi. in the same scale length. The
8.3-n. mi. range error on TRAJ 1 would be approximately one-fourth of the
Shuttle symbol in size, but by TRAJ 4, this error would be two times the
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Shuttle symbol size in the range axis and one-half the Shuttle symbol size
in the velocity (vertical) direction.

The quadratic scaling of the range axis will also be evident in the rela-
tive speed at which the Shuttle symbol traverses the displays. The prog-
ress of the Shuttle will appear slower at the top right corner of the TRAJ
1 display because the scale has more miles in the right-hand two-thirds of
the scale when compared to the first one-third of the scale length. As the
Shuttle moves down, paralleling the guidelines, the range scale covers a
decreasing number of miles.

The Entry TRAJ 2 display provides vehicle ranging and entry guidance mon-
itoring information to the crew during the middle velocity (usually 17,000
to 14,000 ft/s) portion of entry. The TRAJ 2 range scale usually covers
1300 to 425 n. mi. This display (fig. 5-3) contains four solid guidelines
that are described as follows (from left to right).

XXXX/ XXX/ XXX ENTRY TRAJ 2 XX X DDD/HH: MMz SS A
v DDD/ HH: MM: SS
19 _ 50 - 50 | T 1 25/D IZOD .
1 BIAS XX
D REF XX.X
454 407 XXX X
18- A AZ  XX. X
- £
n 40 + 30
R A ol B
4
14 20
Dief| > <,2
= e
NY TRIM X.XXX
30+ 10 s AlL XX. X
15 RUD XX. X
~170 ZERO H BIAS 2
: H BIAS XXX
14 L 25 = O, ’ ’ ’ REF XXX
-130 ROLL REF XXXX5
CMD  XXXX
N\ J
1 1 | | | | | | . |
430 500 600 700 800 900 10001100 1400

RANGE (N.Ml.)

Figure 5-3.- Entry trajectory 2.

0 First - A continuation of the thermal boundary as described on TRAJ 1
until the drag acceleration reaches approximately 52 ft/s2,
This is the limiting amount of drag that autoguidance can fly
in the constant drag phase of guidance and still meet transi-
tion phase criteria at 10,500 ft/s. A drag acceleration of
approximately 52 ft/s2 represents a 2.5g boundary at 10,500
ft/s.
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o Second - A continuation of the nominal (third) guideline on Entry
TRAJ 1 5 targeted to a constant drag acceleration value of
33 ft/s<.

o Third - This line is the extension of the @ = 370 line discussed on
TRAJ 1. This line converges toward the second guideline at
the bottom of this display.

o Fourth - This line is the extension of the full-1ift equilibrium g1ide
boundary discussed on TRAJ 1.

Entry TRAJ 2 contains four dashed drag lines that represent increased mag-
nitudes of constant drag over those seen on TRAJ 1. As the vehicle moves
closer to the constant drag phase (33 ft/sz), these lines of drag accelera-
tion become parallel to the solid lines.

Entry TRAJ 3 provides trajectory and guidance monitoring information to
the crew between approximately 14,000 and approximately 10,500 ft/s. This
region represents the majority of the constant drag phase of guidance.

The range axis usually covers 800 to 315 n. mi. This display (fig. 5-4)
contains three solid lines described as follows (from left to right).

(" XXXK/ XXX/ XXX ENTRY TRAJ 3 XX X DDD/HHs MMs SS )
a D g . DDD/ HHs MMs SS
14. O 45 +~50 F Y ] 4’ D 3,50 2/5D
> 1 BIAS XX ‘ ‘
D REF XX.X
404403 XXX. X
A AZ  XX.X
13. 0F
» 35 + 30
& 12,5k
x
. 30 420
w
3 Xo XXX
11. 5k NY TRIM X. XXX
25 410 AlL XX. X
RUD XX. X
- ZERO H BIAS
, H BIAS XXX
1o.s| 2007~ . ’ REF XXX
-250 ROLL REF  XXXX5
CMD  XXXX
\_ : Y,
L 1 1 i i 1 | | ]
300 350 400 450 500 550 600 700 800

RANGE (N.MI.)
Figure 5-4.- Entry trajectory 3 display (PFS).

o First - Extension of the zero éigma, 2.5¢ normal load factor boundary
from the TRAJ 2 display.

5-14

0416. ARTs 5
ENT/5.1:a/FP2



o Second - A guideline of range/velocity combinations for a constant drag
of 33 ft/s2. During constant drag for a nominal trajectory,
the vehicle will track down this line.

o Third - Extension of the full-1ift equilibrium glide boundary from
TRAJ 2.

The three dashed drag lines indicate parallel lines of constant drag accel-
eration, which should serve as a reference for the crew to monitor as the
vehicle progresses down the 33 ft/s2 line. The fl numbers are determined

as discussed on TRAJ 1 and serve as approximate monitoring guides. TRAJ 3
is the last display with relative velocity on the vertical axis. The two
subsequent TRAJ displays are configured with E/W on the vertical axis.

The transition phase of guidance usually begins at 10,500 ft/s and Entry

TRAJ 4 is the first of two trajectory displays that provide vehicle ranging
and guidance monitoring information to the crew in the transition region.
Instead of velocity on the vertical axis, energy/weight in units of feet is
plotted. The velocity region covered on this display is from 10,500 down

to approximately 6000 ft/s. The range scale is approximately 480 on the
right to 145 n. mi. on the left of the display. The reason energy was se-
lected as the independent variable during transition is because the flight-
path angle magnitude increases and the sin y term can no longer be considered
negligible in the ranging equation. At the higher velocities, the approximation
of cos y = 1 and sin y = 0 can be used; but, because y is increasing during
transition, it is mathematically easier to use energy as the independent
variable. This display (fig. 5-5) contains three solid lines described

as follows (from left to right):

~N

4 XXXX/ XXX/ XXX ENTRY TRAJ 4 XX X DDD/HHz MMz SS
a b DDD/ HH: MM: SS

Y
40 750 " d
> 1 BIAS XX
D REF XX.X

354403 XXXe X
—e] - A AZ XXX

v
©| 30+30
>
—~| 25420
(Y
N
=
wq 20410
<]
15"‘0 Phe
-260 210 ROLL REF XXXX5
CMD  XXXX
_ J
L | | 1 1 | J
145 200 250 300 350 400 480
RANGE (N.Ml.)

Figure 5-5.- Entry trajectory 4 display (PFS).
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o First - Extension of the zero sigma, 2.5g normal load factor boundary
from the TRAJ 3 display

o Second - A nominal transition profile guideline

o Third - Extension of the full-1ift equilibrium glide boundary from
TRAJ 3

The Entry TRAJ 5 display covers the final portion of the transition phase
of guidance down to TAEM interface where the vertical situation displays
come up. The vertical axis is in E/W as is the TRAJ 4 display. This cor-
responds to the velocity region from 6000 to 2500 ft/s at TAEM interface.
The range axis is scaled from approximately 220 to 55 n. mi. This display
(fig.)S-ﬁ) contains four solid lines described as follows (from left to
right).

( XXXX/ XXX/ XXX ENTRY TRAJ 5 XX X DDD/HHs MMz SS A
a D v DDD/ HHs MMs SS
25 - 50 F T 2] 3OD ZOD
o ,/ //
= 1 BIAS *XX
D REF XX. X
204409 XXXe X
A AZ XX X

15+ 30

10420

NY TRIM X. XXX
AlL XX. X
RUD XX. X
ZERO A BIAS 2
H BIAS XXX
REF XXX
-245 ROLL REF XXXX5
CMD  XXXX

. J

L 1 | 1 1 | i
55 75 100 125 150 180 220

RANGE (N.Ml.)

Figure 5-6.- Entry trajectory 5 display (PFS).

o First - Represents an extension of the zero sigma, 2.5g normal load
factor boundary down to a velocity of approximately 5000 ft/s
where the line becomes a max d boundary.

o Second - Extension of the nominal transition profile guideline from the
TRAJ 4 display.

o Third - Represents the extension of the full-1ift equilibrium glide
boundary, which is targeted to the nominal TAEM interface.
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o Fourth - Also a wings-level line that represents maximum L/D, no wind.
This line is not anchored at the nominal TAEM interface. This
line represents the vehicle's TAEM ranging capability. If the
symbol is below the third guideline, then to make the runway,
some TAEM footprint will have to be used.

Two dashed lines of constant drag acceleration are included on this display
for crew reference. Further information on the use of these drag lines will
be presented later.

This section has presented a summary of the information available to the
crew for monitoring the entry portion of the mission from PRO to MM 304 to
TAEM interface. In the next section, entry monitoring techniques using
the TRAJ 1 display as an illustrative example will be discussed. The ver-
tical situation displays and their use in the TAEM region will be dis-
cussed in a subsequent section.

5.1.4.3 Use of Entry TRAJ CRT Displays

In this section, figure 5-7 (Entry TRAJ 1) will be used to illustrate how
the information presented on the Entry TRAJ displays can be used for auto-
quidance monitoring. Because the five TRAJ displays are basically the
same layout and contain the same digital readout information, the monitor-
ing task will be similar on the subsequent TRAJ displays.

The health of the autoguided entry can be considered a function of (1) how
well autoguidance is performing in issuing commands to keep drag on drag
reference, (2) how well flight control executes the guidance commands to
keep drag on drag reference, (3) whether the aerodynamics are within nomi-
nal limits so that the vehicle can make the runway, and (4) whether the
navigation is accurate enough to support guidance and control.

Entry manual takeover rules/criteria have been proposed (OFT Flight Rules,
Final, 03/06/81, Section 4) to allow onboard/MCC decisions in takeover
cases. The interpretation of the information on the TRAJ displays will
aid the crew in their onboard assessment of when to intervene manually
with autoguidance engaged. Nominally at PRO to MM 304, the Entry TRAJ 1
CRT display will come up. This event occurs at EI minus 5 minutes per the
Entry Checklist. The Entry Checklist also contains the display to onboard
CRT assignments for the nominal entry. At the PRO to MM 304, closed-loop
quidance has not yet been activated and the vehicle's position on the CRT
is still off scale on the range axis. The range to runway threshold at
this point is approximately 5739 n. mi. and the scale limits on the TRAJ

1 display are 3800 n. mi. range and. 24,500 ft/s velocity. The Shuttle
symbol will be plotted in the upper right corner of the display until the
range and velocity can be plotted as an X-Y location. Because this is
preguidance initiation, the crew can verify that the guidance parameters

A BIAS, M REF, and ROLL CMD are zero. ROLL REF will be 90°0. The q

in the upper left corner should also be zero because the vehicle has not
yet started picking up dynamic pressure. The Item Entries (1 and 2) will
be discussed separately, as will alpha modulation. The alpha command
should be 400, Values of zero will be displayed in the AIL and RUD slots
until the surfaces become active. The NY slot will indicate the lateral
acceleration as a g readout. At a g = 0.5 1b/ft2, the auto elevon trim
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is active; at g = 2.0 1b/ft2, the elevons and ailerons are active for
control (CRT readout). At this point, the Shuttle symbol should now be
inside the range axis of TRAJ 1 so that its position is plotted. At g =
20 1b/ft2, the NY trim is active. Procedures for use in monitoring flight
control will be discussed in a separate section of this handbook.

The next major event to monitor on the TRAJ 1 display is the initiation of
closed-Toop guidance, which should nominally occur at a drag acceleration
of 4 ft/s¢. The crew can note drag by the (A) symbol on the drag scale of
the CRT. The crew should also see the guidance symbol (O0) appear on the
display at this time. The guidance CRT parameters discussed earlier will
also be active. As the guidance and Shuttle symbols move down the display
on the nominal guideline, the trailers will indicate the trend of the tra-
jectory against the background lines. The trend of these trailers should
indicate convergence of the guidance symbol and the Shuttle symbol. With
the Shuttle symbol on the nominal trajectory line, the DREF interpolated
from the dashed lines should correspond to the current commanded DREF and
DACT (see fig. 5-7).

4 3041 / ENTRY TRAJ 1 XX 2 000/10:231:52 i\
000/00: 032 37
10 7D
4 V4 1

NY +.010
NY TRIM +.002
AlL L .1

RUD .0
ZERO H BIAS 2
BIAS +0
REF  -80
-155 -90 ROLL REF R 58
CMD R 59
\- _/

Figure 5-7.- Entry trajectory 1 (typical initial display).

In the illustration, the Shuttle and guidance symbols are overlaid on the
DREF = 10 ft/s2 dashed line and the drag command and drag actual symbol re-
flect this location. The background information shows where the vehicle
should be; the drag and drag reference data show where the vehicle actually
is. The H REF on the digital readout should be approximately -8Q ft/s

and increasing. The H at the bottom of the display, H REF, and H NAV
should compare within the +3-sigma navigation display accuracy limits dis-
cussed earlier. Roll command should compare with the bank angle on the ADI.
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An approximate number for roll here is R600. The value for roll reference
should also be close to this value, assuming drag errors and H errors are
small. Roll reference is the steady-state value of roll command. The roll
reference gives the crew an indication of the angle of roll that guidance
needs based on reference drag and reference H without errors. The use

of roll reference as an indicator of ranging capability available will be
discussed later. The crew can use the same kind of checks as discussed
previously on each TRAJ display because the same information is available
on the subsequent TRAJ displays.

The Flight Rules criterion for CSS takeover for drag error is [D - DCMD|

> 3 ft/s2. There are several indications of an off-nominal drag situation
presented on the TRAJ display. Figure 5-8 illustrates how the TRAJ 1 dis-
play might look if, while in CSS mode, the drag were to become much larger
than drag reference. The (<) is above the («) on the drag scale and the
guidance square is behind the Shuttle. If this error were allowed to con-
tinue, the Shuttle trailers would indicate the vehicle dropping below the
nominal guideline toward the 00 bank boundary; that is, the drag error
needs to be corrected before the target moves outside the footprint. In
this situation, a decrease in bank angle would cause drag to decrease
toward drag reference. It is important to keep in mind the roll phugoid
sensitivity of the vehicle. As roll changes, so does altitude acceleration.
For example, as an approximation, 10 of roll change produces 0.7 ft/s< H.
As |rol1 error| increases, |H| increases, which allows a phugoid to de-
velop more quickly.

(’73qu/ ; ENTRY TRAJ | XX 2 @@/ 1@ 3152 O\
4 D Z@d /o 83 37
g ~csp P . . @D 70 5D
/ 7
i | BIAS @0 /// y ;)
D REF 141 ‘?9// i ST
YE—- 4B g 54.1@ :
% i - -

Y-t 30
} ,
Y/
T 25D /////
35 +zo vy
% o
7y g +.2@1

el r!z gl S T AIL L .2

/// At NY
ﬂ////4/ e j/// e NY TRIM +.00@2
7
S [ /// ! RUD @
{ /Q//, ya , ZEROD H BIAS 2
as Tg SN e B BIAS +B
2 77 ! REF =14
ROLL REF R 5K
-200 -
tag CMD a

Figure 5-8.- Entry trajectory 1 (drag greater than drag
reference).

In the CSS case illustrating the TRAJ 1 display where drag has decreased
with respect to drag reference, the indication would be as shown on figure
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5-9.

The (<) is below the («) on the drag scale and the guidance square
is ahead of the Shuttle symbol.

If this error were allowed to continue,

the Shuttle trailers would indicate the vehicle moving to the left toward

the leftmost constraint boundary.

In a manner similar to that described

for the high drag situation, an increase in bank in this case would con-
verge drag on drag reference.

If both P and R/Y are in

ence becomes more difficult because of a - @ interaction. A
in alpha cause drag transients, which cause roll oscillations. A 10 change

€SS, the task of maintaining drag on drag refer-
Oscillations

in alpha produces a 1.7-ft/s2 drag change, which is equal to an 80 roll

command change.

The third factor mentioned as having an effect on the monitoring of auto-

guidance was aerodynamic

uncertainty.

lation for ranging, L/D control is a major factor in the ranging problem.
MPAD studies have indicated that autoguidance has the capability to handle
L/D dispersions as high as 50 percent high L/D and that with 25 percent

low L/D, the autoguidance system can still make a nominal TAEM interface.

/7 oFBH1/ / ENTRY TRAJ | XX 2 g@@/ @31 52
a D an@/ad @3 37
5@ ~s@ f T Y 1@ap 7D 5D

Vs 7 !
s 7
i I BIAS[Y @ ///’///y/ Lo
D REF IK.3 '5?// 7 A
Us +4@ § zZ@.da S S T !
Y S0 ey 1
Ny / // e /
> 2@D s yd ro
;S ;7 7 '%V/’
4@~ 38 Ay A T
/ // '/.6 //'/ 7 //‘// I
V/ B I
[ ! ~ -
I 25D /// Y S /’/’;f/ 4a
35 |2o " ,;%fg S T
e 04 o e
v 1L P P NY +.2@al
ay NY TRIM +.082
A4 P -5 :
3@ wla oyl g AIL L .8
/ e ;
ST RUD .2
1 ,Ci;/ S ZERO H BIAS 2
71 H BIAS -5
L SN /
s / REF -1@2
ROLL REF R SH
k‘ 20 tam €MD R 9B

Figure 5-9.- Entry trajectory 1 (drag decreased relative

to drag reference).

No specific crew procedures have been developed to date for the high L/D
case because of autoguidance capability in handling this type of L/D dis-

persion.

Although off-line runs indicate the autoguidance can make TAEM interface

with 25 percent low L/D,

at variations in L/D beyond this value, the miss
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distance at TAEM interface increases rapidly. One of the problems in mon-
itoring the guidance for L/D variations is the timely and correct interpre-
tation of clues to a problem with L/D. Low L/D can be detected by the ini-
tial entry pitch maneuver and by the trend of ROLL REF as noted on the TRAJ

displays.

With an extremely low L/D, the entry guidance will overshoot the initial
drag reference (at guidance initiate). The alpha modulation will react to
this by pitching down. As was mentioned before, because a low L/D is not
the only cause for a pitchdown maneuver, interpretation of the problem can-
not be based on just this one clue. Additionally, ROLL REF will show a
smaller roll angle than nominally expected. The ROLL REF caution and warn-
ing will be set before saturation of roll and angle of attack. Takeover
criteria for this situation are discussed in the Flight Rules document.

The sequence of events in the extremely low L/D case would be (1) Pitch
down to 37° alpha at guidance initiate, (2) ROLL REF C&W, either ROLL REF

< 370 or ROLL REF < 200, (3) ROLL REF = 00 (saturation of steady-state
roll), (4) ROLL CMD = 00 and (5) saturation of alpha at the lower limit.

5.1.4.4 Phugoid Damper

The phugoid damper was incorporated as part of the TRAJ displays to give
the crew a 'fly-to' bank angle calculated to avoid phugoid instability and
help the crew to control the entry drag/range problem while flying in the
CSS mode.

The logic for the phugoid damper is contained in the Entry Display Inter-

face Processor (DIP). A drag versus velocity profile is defined by three

linear segmented lines; the associated values that define this profile are
I-loaded constants (fig. 5-10).

The D-BASE term is a function of relative velocity and is determined by

one of the three linear equations in figure 5-10. The D-BASE term is

used in the determination of the DREF value digitally displayed under the
Bias Item 1 on the TRAJ displays. With a bias of zero, the D-BASE is the
DREF for the phugoid damper, where DREF is defined as DREF = D-BASE + Bias-
Ttem.

The bias item allows shifting the drag value obtained from the linear drag
versus velocity profile. The item entry slot will accept item entries be-
tween +10 and -10. The item entry slot will always reflect any current
bias value. This bjas is initialized to zero at the beginning of MM 304.
The phugoid bank scale has a range of +200 on all the TRAJ displays. The
phugoid scale and Shuttle symbol will flash to notify the crew of a roll
reversal. In addition, when the triangle symbol (V) on the phugoid scale
reaches the off-scale position, it will remain there and flash.

To determine when to signal a roll reversal, the phugoid bank logic uses
DELAZ, the heading error with respect to the HAC tangency point, from navi-
gat1on (Entry UPP) and YL, the maximum heading error absolute value, from
entry guidance. When the DELAZ times the direction of roll becomes equal

to or greater than the YL, the logic changes the sign in the rol1l direction.
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Because the YL is a guidance-calculated parameter, alternate techiques may
have to be used to determine the appropriate time to make a roll reversal
in the remote situation with no guidance at all.

DC1

. D-BASE
%

L |
VC1 V€2

VREL

Figure 5-10.- Phugoid damper plot.

5.1.4.5 Use of Phugoid Damper

Although CSS entries are not currently planned and the probability of hav-
ing to perform one may be low, an emergency deorbit using the phugoid damper
could result in the event of certain severe combinations of malfunctions.

At a relative velocity of 26,000 ft/s and in MM 304, the logic for the phu-
goid damper is initiated. The crew can detect this by the appearance of

a roll error bug command on the phugoid bank scale (TRAJ 1). The Item 1
Bias slot will indicate a zero and the DREF digital readout will begin
displaying the DREF computed from the linear drag versus velocity segments
described earlier.

The procedure for using the phugoid damper with_initiation at 26,000 ft/s
is to follow the commands after a drag = 4 ft/s2 (CRT and AMI) has been
attained. Before a drag of 4 ft/sz, preentry guidance, the bank will be
00 for the nominal deorbit case or an angle determined from the prebank
tables based on residual AV caused by deorbit underburn dispersions. The
problem inherent in flying a bank command before a drag of 4 ft/s2 is that
a prebank may be flown unnecessarily and cause detrimental effects to the
trajectory.

Preliminary work done in M-I-L simulators indicates that a scan of the ded-
icated instruments to include H and H on the AVVI helps in the phugoid
control task. Below an altitude of 100,000 feet, the H should be held
within -486 ft/s on the AVVI for venting constraints. H can be used to
control the H trend by controlling bank as required to cause H to be

zero at the desired H. As described earlier, the phugoid damper uses nav-
igation and guidance information to determine when a roll reversal is
needed and implements a flashing phugoid damper scale and Shuttle symbol as
an attention-getting device for the crew. Because the YL deadband comes
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from guidance, it is a possible candidate for failure, although considered
highly unlikely.

Because the autoguidance landing site coordinates would not be consistent
with an emergency deorbit at an arbitrary location and since it is not
presently possible to update the landing site coordinates in real time,
the procedure to use the phugoid damper following an emergency deorbit
would be to fly the phugoid damper (zero bias) commands in the CSS mode.

As discussed previously, the phugoid damper logic was originally set up
with Edwards as the target. The azimuth error obtained from navigation is
checked against the deadband YL from entry quidance. In the event the phu-
goid damper is used for an emergency deorbit, a problem exists in the roll
reversal notification logic. The roll error bug may peg at the end of the
phugoid bank scale and flash indicating the need for a bank reversal. No
totally acceptable solution has been found for this very remote problem.

5.1.4.6 H Bias Readout

As discussed in a previous section, the H bias term displayed digitally

on the Entry TRAJ displays is an H feedback correction term calculated

by guidance. Before the addition of alpha modulation to entry guidance,
the only means of controlling drag was by roll command to try to keep the
Orbiter on a guidance-ca]culated reference D-V profile. A source of error
that can cause a bias in the actual drag flown with respect to the refer-
ence drag is an IMU platform misalignment. In the presence of such an

IMU error, the H obtained from navigation will cause a stand-off drag
error from the DREF versus velocity profile. In the event of a platform
misalignment, a drag error will be introduced that will build over time
depending on the accuracy of navigation. Because of the possibility of
large altitude rate errors in the NAV H, a correction to the altitude

rate reference is made based on a feedback in the (D - DREF) error. The
method used to correct for such an H error was to subtract its effect

over time. The following term was introduced into the (L/D)cMp equation:
S (D - DREF) dt. The (L/D)cMp equation that includes this correction term
is of the form:

(L/D)cmp = (L/D)REF + C16 (D - DREF) + C17 (FRgp + AH - H)

where the AH term is the correction factor based on drag error converted
into a AH value. At a relative velocity below 23,000 ft/s, a limited
drag error is calculated based on an I- 1oaded 11m1t that 1s the maximum
delta drag for H feedback. (Minus 2 ft/s2 < AD < +2 ft/s? .) Because the
displayed H bias on the CRT is always an integer value, the crew will not
see an H bias value until it has exceeded 1 ft/s.

After the H bias feedback becomes active, guidance makes the following
Togical checks to see (1) if a roll reversal has occurred, (2) if drag
error is converging, or (3) if roll command is saturated. If any of these
is true, the H feedback is held constant. Autoguidance continually ac-
counts for the H bias correction factor; however, this factor can also

be used to account for the (D - DREF) error introduced by flying in the
CSS mode. If in the CSS mode the crew were using the TRAJ display (as
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opposed to error needles), the vehicle would probably be flying a drag-
velocity profile different from the profile that autoguidance would fly.
Drag errors would be accumulated and, because autoguidance is not engaged,
these errors would not be accounted for. The H bias readout gives the
crew an indication of what these errors are and the Item 2 entry allows
the crew to set this error to zero before reengaging autoguidance.

The recommended procedure for using H bias is that, if H bias readout
exceeds 30 ft/s while in CSS mode, H bias should be zeroed before re-
turning to AUTO mode. An H bias of approximately 30 ft/s will start
causing trajectory effects; this is why it is recommended to zero H bias
after flying in CSS and before reengaging auto. The problem associated
with reengaging autoguidance with an H bias accumulation greater than

30 ft/s is that autoguidance would offset the trajectory to account for a
presumed navigation error when the drag error was caused by the CSS mode.

Unless alpha is saturated, the H bias is not significant (R bias < 30

ft/s). Under certain circumstances, an H bias buildup can be used to sig-
nal that a navigation error exists. If the drag is on drag reference and
alpha is saturated and a large H bias is noted, a possible cause could be

a navigation error. If drag is not on drag reference and alpha is saturated
with a large H bias flying CSS, this indicates that the vehicle has not

been accurately tracking the trajectory and the Item 2 should be used to
zero the H bias (> 30 ft/s) before reengaging autoguidance. As a rule of
thumb, a drag bias of 1 ft/s2 is equal to approximately 40 ft/s H bias.
I-loads limit H bias feedback to be between -150 and +150 ft/s.

5.1.4.7 Vertical Situation Displays

Two Vertical Situation Displays (VSD's) are used to monitor the guidance
function in the TAEM region. The VERT SIT 1 display comes up automati-
cally at TAEM interface, when the crew performs an OPS 305 PRO or an OPS
602 PRO; it also comes up automatically at the end of the Z-translation
maneuver in the case of a Return to Landing Site (RTLS). This discussion
will not address the use of these displays as applied to an RTLS and the
reader is referred to the Abort Procedures Handbook. The information con-

tained on the VERT SIT 1 display for crew monitoring is shown in figure
5-11.
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Figure 5-11.- Vertical situation 1 display (PFS/BFS).

On each VERT SIT display, the auto speed brake command (percent) from
either TAEM or A/L (depending on guidance) and the percentage of maxi-
mum speed brake position from the speed brake position feedback SOP
are displayed.

The following digital readout information is included on the VERT SIT

1 and VERT SIT 2 displays: aileron trim, rudder trim, lateral acceler-
ation, and lateral acceleration trim. The aileron trim (degrees) is
from the roll channel of the Aerojet DAP. The rudder trim (degrees)

is from the yaw channel of the Aerojet DAP. The lateral acceleration,
NY, comes from the Accelerometer Assembly (AA) lateral acceleration se-
lection filter. NY readout is in g's. NY trim comes from a yaw chan-
nel integrator and is also displayed in g's. The readouts are the

same format as that outlined in the discussion on the Entry TRAJ dis-
plays. In the GRTLS case, the aileron trim, rudder trim, and NY trim
readouts are from the GRTLS DAP.

Each VERT SIT display contains three altitude versus range (RPRED)
lines. The VERT SIT 1 range scale runs from 10 n. mi. on the left to
70 n. mi. on the right. The altitude (vertical) scale runs from
100,000 feet at the top to 30,000 feet at the bottom. The altitude
versus range lines are defined as follows:
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The upper line represents an altitude versus range plot to refliect the

q limits in autoguidance. The altitude versus range plot was gener-
ated by flying wings level at max . This gquideline is based on a

speed brake deflection of 650 until Mach 0.90 with full open speed brake
(98.60) below Mach 0.90. The guideline is anchored on VERT SIT 2 at

an altitude of 11,000 feet.

The middle 1ine represents the nominal altitude versus range profile
for end of mission TAEM.

The lower guideline represents an altitude versus range plot generated
by flying wings level at g min. The speed brake is at 65 percent until
Mach 0.90. Below Mach 0.90, the speed brake is set to the FCS minimum
value (15 percent until Mach 0.6, then 5 percent below Mach 0.6). The
KEAS value corresponds to maximum subsonic L/D, therefore the guideline
is not a true maximum L/D line but an approximation. At the peak of
the L/D curve the Equivalent Airspeed (EAS) can vary.

Each VERT SIT display contains a pitch, or © tape, and an E/W scale on
the right-hand side of the display to present E/W and vehicle © limit
information to the crew. The intent of this © tape is to provide pitch
information to the crew in the event of Air Data System dilemma/failure.

The purpose of the theta Tlimits is to give the crew an indication of
approach to vehicle structural and performance limits so that crew
takeover may be accomplished if needed. The theta limits were deter-
mined by an Engineering & Development (E&D) off-line program that flew
a g profile with no errors (i.e., wind, aerovariations). Variations

in speed brake deflection, bank angle, and weight were used to define
their effects on the profiles. The theta versus VREL data are plotted
and a curve fit made to arrive at a set of constants (I-loads) that are
used in the VERT SIT DIP to define the & nose-high and & nose-low ticks.
The constants (I-loads) that determine the weighting factor associated
with bank, SB, and weight, vary, depending on whether VREL < 900 ft/s,
900 ft/s < VREL < 1,000 ft/s, 1,000 ft/s < VREL < 1700 ft/s, or VREL

> 1700 ft/s. These velocity region breakpoints were also determ1ned

as part of the E& off-line analysis. The equation for the nose-high
limit is based on no wind, nominal aero, wings-level equilibrium flight
at a minimum q. The nose-high tickmark on the theta tape holds ap-
proximately maximum L/D. The equation for the theta nose Tow limit is
based on the same no error conditions at the maximum g autogu1dance
will fly. If the O bug is outside either limit, the procedure is to
take CSS (P) and Timit pitch CMD to the tickmark. This assumes the
limiting occurs only where NAVDAD g accuracy is not acceptable.

Because of a decreased scale distance between the nose-high and nose-
low ticks, the motion of the theta bug is erratic at a bank angle
greater than 500, An I-load limits the display of theta on the tape
to be at velocities below 1500 ft/s.

In the event of no air data, the Entry Checklist (M < 1.5) calls for
the crew to check that theta is within the nose HI/LO limits and to

fly CSS as required to limit bank to 500. At Mach 0.90, manual speed
brake should be used as required for energy management. In the case
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of no wind and no air data, the crew should remain in auto and monitor
the theta limits. For a high energy, tailwind situation, onboard EAS
will read high. The crew should ensure the theta NOSE LO constraint is
maintained and speed brake used at 100 percent as long as needed. If
the crew is on the HAC at this point, they know they will be turning
into a headwind. Some options (knowing that this situation exists)
are to bring in the speed brake early, turn in to the runway early, or
plan to hit the HAC high on altitude. For a high-energy case with a
headwind, the onboard EAS will read Tow and NOSE LO tick should be
monitored to avoid over G of the vehicle. Speed brakes should be
extended to get to nominal energy. In a low-energy case in a head-
wind, the best the crew can do is fly near maximum L/D (Mach 0.90 -
this is near 213 KEAS); but since winds exist, the crew should use the
NOSE HI tick. Also on a high-energy case with a tailwind, the NOSE HI
tick should be flown with the speed brake retracted below Mach 0.90
until a nominal energy state can be regained. Obviously, below Mach
0.90, chase aircraft airspeed calls would help in energy management.

On the energy side of the vertical tape scale, the current vehicle en-
ergy/weight, the reference energy, and the guidance energy limits
(S-turn and MEP) are displayed. These energy calculations are in

units of feet of E/W. The current vehicle energy state (kinetic plus
potential) is represented by a triangle symbol; the reference and guid-
ance energy limits are represented by tickmarks. The STN and the MEP
energy limits are defined as follows: the STN tick is calculated

based on the energy over weight value above which TAEM guidance will
initiate an S-turn. The equation used to calculate E/W for S-turn

(ES) was derived assuming the vehicle was flying wings level at the
TAEM guidance maximum q schedule with the speed brake at 65 percent
until Mach 0.95, then speed brake full open. This ES E/W equation rep-
resents the closest E/W to an S-turn that the guidance can handle in

a straight-in situation and meet the A/L criteria without doing an
S-turn. Worst-case winds were used in the analysis to determine the

ES equation for guidance. If one looks at a plot of ES versus range

to the runway, the slope of the line represents the energy dissipation
rate with max @ in a tailwind. An iterative computer analysis was

used to find the Timiting E/W that would allow the vehicle to just make
the aim point, utilizing the Minimum Entry Point (MEP) HAC location.
The MEP tick is driven based on the E/W for a minimum entry point (EMEP)
as calculated by the TAEM guidance. This E/W value, EMEP, considers
the vehicle is flying wings level, minimum g with the speed brake at

65 percent until Mach 0.9, where the speed brake is set to zero so as
to maximize the range for the EMEP Tine determination. A 99 percentile
headwind (worst month) was used to determine the EMEP E/W versus range
to runway. Thus, this EMEP line has some conservatism built in (fig.
5-12). The constants associated with these E/W versus range to runway
profiles are included in TAEM guidance as I-load values.

A left pointing arrow (<) is used to indicate an I-loaded energy level at
which a 'straight' approach (as opposed to an 'overhead' approach) should
be used. If the current HAC turn angle is greater than 2000, and E/W falls
to this level while the range to the runway is greater than 45 n. mi.,
guidance will generate a class three alarm, calling for a downmode to a
straight approach. On SPEC 50, OVHD (Item 6) will flash and an OTT ST IN
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message will be given. Forty-five nautical miles was chosen as a minumum
range for the approach mode redesignation alarm because changing the approach
mode inside this range may result in heading errors that would nullify any
potential E/W gains. The approach mode may be changed, however, at any time
prior to the prefinal phase by executing item 6 on SPEC 50.

The NOM E/W tick represents EN, the guidance-computed energy over weight
reference. This E/W reference is either of two linear segments of E/W ver-
sus range to runway. On either side of the reference E/W tick are ticks
that define an 'Emax' and 'EMIN' energy over weight corridor. This corri-
dor is +8000 and -4000 feet of E/W. This Eyax and Emyy E/W corridor is
calculated in TAEM guidance down to the prefinal phase of TAEM guidance.
The Emax and Eypy 1imits are used by the Nz command function of TAEM guid-
ance. lhe ANz command is constrained by energy over weight, G, and abso-
lute AN, limits before going to flight control. TAEM guidance will at-
tempt to keep the vehicle inside this Emax/EMIN corridor. This E/W corri-
dor was devised to protect against degraded navigation altitude, which
could drive the E/W off the reference profile. Once outside the E/W corri-
dor, the ANy command is being determined to drive the vehicle back inside
the E/W 1imits. The +8000-/-4000-foot value was determined from para-
metric studies starting with l-sigma navigation filter performance and
extending this until TAEM guidance could not reach the A/L criteria. It
has been determined that for 3-sigma NAV performance, the E/W should stay
within the Emax, EMIN corridor.

At an altitude of 20,000 feet and below, the energy symbols are no longer
driven on the E/W tape. The selection of 20,000 feet was based on engin-
eering judgment because at this altitude the crew will be concentrating

on acquisition of the outer glideslope. The current energy indicator,
triangular symbol, is programed to flash when the current Shuttle energy
over weight exceeds the energy over weight for S-turn and the predicted
range is greater than or equal to the S-turn lockout range value (I-1oad
of ~22 n. mi.). The triangular symbol will continue to flash until

the current Shuttle energy becomes less than the ES, or S-turn energy

over weight. If the current Shuttle energy over weight is high enough so
that the Y-position of the triangular current energy symbol is greater
then the maximum Y-value of the energy scale, the triangular symbol will
remain at this Ymayx position until the symbol again is on scale. When the
current Shuttle energy over weight becomes equal to or less than the MEP
energy over weight, the triangular current energy symbol will flash until
the current Shuttle energy becomes greater than the MEP energy-over-weight
value. In a similar manner to the Ympx position on the energy scale, if
the Y-position of the current Shuttle energy becomes less than the Ywry on
the energy scale, the triangular symbol will remain at this Ymiy position
until the E/W value is within the scale limits. The E/W tape is scaled
based on the difference between the energy for S-turn minus the energy for
MEP divided by a fixed scale length.

When either VERT SIT 1 or VERT SIT 2 display is driven by the BFS, the ADI
errors (in degrees) in roll, pitch, and yaw computed in the BFS Descent-

DAP Roll Channel, Descent-DAP Pitch Channel, and Descent-DAP Yaw Channel,
respectively, are displayed for comparison with the PASS-driven ADI error
needles. These errors and their text labels are driven pre-BFS-engage only.
The text labels are U, D, R, and L and indicate fly-to errors.
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The BFS VERT SIT 1 has DUMP STOP, Item 1, which provides capability to ter-
minate RTLS RCS +X propellant dump.

The dashed 1line in the upper Tleft corner of the VERT SIT 1 display repre-
sents an alpha transition profile (a vs M) that is used only in MM 602.

The solid line below the dashed line represents the do-not-exceed stabil-
ity and control boundary for the alpha transition. An Orbiter symbol at

a fixed orientation is plotted to indicate the current Mach/alpha location.
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Figure 5-12.- Actual energy over weight during TAEM.
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5.1.4.8 Monitoring TAEM with VERT SIT Displays

The VERT SIT 1 display covers the altitude region from 100,000 to 30,000
feet. When the Shuttle symbol is below 30,000 feet, the VERT SIT 2 dis-
play is called up. The range used to plot the Shuttle X-position is based
on RPRED from guidance (range to the runway threshold via WP 1). The alti-
tude is from the TAEM User Parameter Processor (UPP) and is the altitude

of the rear wheels above the runway. The Shuttle symbol is driven to show
the current vehicle altitude dissipation rate by the amount of rotation of
the Shuttle symbol. An altitude dissipation angle is calculated in the
VERT SIT DIP from TAN-1 ( -HDOT ) where the HDOT term is the estimated

VGND SPEED

altitude rate from the TAEM UPP and V-GROUNDSPEED is groundspeed from TAEM
UPP. The angle is measured from 00 to 3600 clockwise where the 0 position
equals the Shuttle nose pointing to the top of the CRT. The angle calcu-

lated for display purposes is -900 minus the calculated dissipation angle,
to give a Shuttie symbol rotation.

In the nominal end-of-mission case at TAEM interface, the Shuttle symbol
should appear on the VERT SIT 1 display approximately one quarter the way
down from the top of the display. Because the VERT SIT 1 display monitors
the majority of the supersonic portion of TAEM guidance and the majority
of the energy is kinetic, the E/W scale is of more use/importance to the
crew than the altitude versus range lines. The reason for this is that
these lines are guidelines determined for the equilibrium flight condi-
tions described in the previous section. These lines do not reflect the
current energy state of the vehicle; for this information the crew should
monitor the position of the 'bug' on the E/W tape. The altitude versus
range lines become more useful on the VERT SIT 2 display after the vehicle
reaches subsonic speeds. By monitoring the position of the current E/W
triangular symbol inside the Emax and Emyy ticks described earlier, the
crew can monitor how well autoguidance is handling the energy management
problem. While the triangle symbol is inside this E/W corridor, the TAEM
guidance ANy commands should be following the HRgF versus range profile.

To understand the E/W corridor between Emax and Emin, one has to look at
the way TAEM guidance determines AN7 command (fig. 5-13).

TAEM guidance computes a ANy command based on the H error and H error be-
tween the guidance-determined reference values of H and H and the NAV-
determined values. This AN command is then limited by six ANz Timits as
shown in figure 5-13 with MIDVALUE selection logic. As was discussed
earlier, the E/W corridor was determined through parametric analysis to
represent the E/W delta about the reference E/W that could be tolerated

due to NAV dispersions and still meet the approach land criteria. The com-
bination of the ANy controllers, altitude, energy/weight, dynamic pres-
sure, and absolute is used to obtain the best compromise in handling NAV
errors, worst-case aero, and winds.
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Figure 5-13.- TAEM ANz logic.

As an example of how the E/W tape might look in a low-energy autoguided
case, assume the vehicle is Tow on energy/weight, the E/W bug is at MEP
point on the E/W tape, and the E/W is converging to the reference E/W.
While the E/W is less than the Eypy limit (tick below the EN tick) the
auto ANz command is being limited by the ANze~uy (EmIn) and/or ANzeyp

(QMiN) limits. As the E/W bug moves inside the E/W corridor on the E/W
tape, the ANzeyp that guidance sends to flight control is based on the H

and H errors from the guidance H versus range profile. In a similar man-
ner, if above the E/W corridor, autoguidance will control the vehicle to
get back inside this corridor and fly the reference H versus range pro-

file without being limited by energy or q.

Nominally, the Shuttle symbol will track down the center guideline with
the energy bug between the Emax and EminN tickmarks. The current theta is
plotted on the theta tape; but, because its function is limited to the no
air data situation discussed previously, it has no significance with good
air data. In the event of no air data below Mach 1.5, the crew would be
required to monitor this theta scale in situations that could possibly ap-
proach vehicle performance and structural limits. The procedure in such

a situation if theta were observed to be outside the limits on the tape
would be to fly (P) CSS and set ¢ = limit.

At an altitude of 30,000 feet, the VERT SIT 2 display (fig. 5-14) comes up
automatically. This display is also an altitude versus range to the run-
way plot and covers the lower energy portion of TAEM. The lower limit on
the altitude scale is 8000 feet; however, the three gquidelines are an-
chored at 10,000 + 1000 feet, as described previously. The range axis is
scaled from approximately 23 to 4 n. mi. Some overlap exists in range on
the first two guidelines from VERT SIT 1 to VERT SIT 2; however, no overlap
occurs for the Min @ line. The '213 ACCEL' on the min @ lines serves

as a cue for the crew to accelerate the vehicle for the preflare maneuver.
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By the time the VERT SIT 2 display is up, the energy management problem
should be one of altitude versus range management (potential energy manage-
ment). At an altitude of 20,000 feet, the energy/weight display on the
right-hand side of the VERT SIT 2 is no longer driven. Nominally, the
Shuttle symbol should be tracking the center altitude-range line during
this phase. Below Mach 0.9, the speed brake command based on TAEM guid-
ance dynamic pressure error is displayed in percent and above this readout
is the speed brake position from the Speed Brake Position Feedback SOP.
When TAEM guidance is terminated, the text A/L (autoland) is displayed and
flashed. This signals the pilot that the TAEM guidance has delivered the
vehicle to the A/L criteria or that the altitude is below 5000 feet where
TAEM guidance ends and transitions to autoland. The location of this A/L
text is just below the speed brake command readout on the VERT SIT 2. 1In
the BFS display of the text, A/L is not supported.

4 XXXX/ XXX/ XXX VERT SIT 2 XX X DDD/HH: MMz SS ‘\
BFS DDD/HHs MMs SS

315 255

213

R XXX

B XXX NOSE HI 4+ STN

Altitude

Y XXX
315 SPD BK XXX NOM
d CMD XXX S
NY Xo XXX XX
NY TRIM X. XXX
285 AlL XXa X NOSE LO 4+ MEP
RUD XXe X

Range

Figure 5-14.- Vertical situation 2 display (PFS/BFS).

5.1.4.9 Horizontal Situation Display - (PFS and BFS)

The HORIZ SIT (SPEC 50) display provides the crew with spacecraft position
and heading information with respect to the ground plane, provides read-
outs and control of navigation parameters and is available in GNC OPS 1,
3, and 6. During antry on STS-2 and subsequent flights, several planned
maneuvers will be performed to obtain aerodynamic and structural data.
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Control of some of these maneuvers is provided via the PFS HORIZ SIT dis-
play. If the BFS is engaged, the maneuvers will not be performed; there-
fore the BFS HORIZ SIT does not provide the capability to control the
Programed Test Inputs (PTI's). The PFS and BFS HORIZ SIT displays shown in
figures 5-15 and 5-16 are nearly identical. The few differences are pre-
sented as an integral part of this writeup.

1. The graphic portion of the display becomes active when the Orbiter al-
titude decreases below 200,000 feet. The vehicle position is repre-
sented by a fixed Shuttle symbol. The runway and the HAC are dynami-
cally driven to create an out-the-window view for the crew. The view
can be visualized as a ground plane projection containing the Shuttle
and landing site in a coordinate system fixed to the vehicle. The
HORIZ SIT scaling varies so that the groundtrack resolution increases
as the vehicle gets closer to the landing area.

The display includes three predictor indicators (small circles) that
show the position of the Shuttle relative to the ground at 20, 40, and
60 seconds into the future based on current flight conditions.

2. TItem 2 is unique to the Primary HSD and provides the capability to en-
able or inhibit PTI maneuvers in MM 101, 102, 304, and 305. Execution
of Item 2 in any other MM will result in an ILLEGAL ENTRY message.

The display is initialized with PTI's inhibited, indicated by 'INH'
displayed next to Item 2. Execution of Item 2 enables the PTI's and
displays 'ENA' next to 2. Item 2 acts as a flip-flop, alternately
enabling or inhibiting PTI's. The PTI's may also be inhibited manu-
ally by establishing the CSS mode in the DAP via the MAN PBI's on the
DAP panel, or in OPS 3, by taking the RHC out of detent. In either
case, Item 2 is reset to the inhibit state and 'INH' is displayed.
The PTI's can then be reenabled only by reestablishing the AUTO mode
in the DAP and executing Item 2. The manual inhibits will terminate
a PTI maneuver in progress.

The particular PTI maneuver to be performed is indicated by the PTI
index, a number from O to 25, displayed below Item 2. In OPS 1, the
PTI index is initialized to zero indicating a structural PTI, the only
type performed in OPS 1. 1In OPS 3, any one of 25 Aero PTI's may be
performed. Consequently, the PTI INDEX will be fixed at zero during
OPS 1 and in OPS 3 will range from 1 to 25.

Once enabled, a specific PTI maneuver will be performed as soon as the
PTI window (VREL in OPS 1; MACH or g in OPS 3) for that PTI is entered,
provided that the systems, guidance, and trajectory constraints are sat-
isfied. In OPS 1, 'PTI' will be displayed oversized and overbright be-
low the PTI INDEX whenever the structural PTI maneuver is in progress.
The data field will be blank otherwise. In OPS 3, whenever a PTI win-
dow is entered, 'PTI' will be displayed oversized and overbright. If
the PTI maneuver is inhibited automatically or manually, 'PTI' will
flash throughout the PTI window. While the maneuver is in progress,
'PTI' will not flash. 'PTI' will be blanked and the PTI INDEX incre-
mented when the maneuver is terminated. If no maneuver is performed,
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Figure 5-15.- Horizontal situation display (PFS).
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Figure 5-16.- Horizontal situation display (BFS).
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this'wi11 occur when the window is exited. The PTI INDICATOR will be
blanked if a TAL or AOA abort has been declared.

NOTE: Item 1 has been deleted. Any attempt to execute Item 1 will result

in an ILLEGAL ENTRY message.

The display has a runway designation data field that shall show the
designated landing site (RWY). Crew controls shall also be provided
to allow the crew to redesignate the intended landing runway; a field
shall also be provided to indicate when midpoint targeting is in prog-
ress. The primary runway (Item 3), the secondary runway (Item 4), and
the alternate runway (Item 5) shall be indicated by displaying the ap-
propriate mnemonic. If the display is called up in MM 301 to 303, an
%' indicator will be displayed initially by the primary runway (Item
3) and thereafter shall reflect crew inputs. Upon transition to MM
304, the '*' will be displayed next to the characters CTR (center) to
indicate that the target point is midway between the primary and sec-
ondary runways. The '*' will continue to be displayed there until
either the velocity is less than an I-loaded value or the crew redes-
ignates the intended landing site by executing any one of Items 3, 4,
or 5 (PRI, SEC, ALT). Items 3, 4, 5, and midpoint targeting are mutu-
ally exlusive. Once midpoint targeting is terminated, the '*' will be
displayed by the last selected runway.

Midpoint targeting is not available in OPS 1 and 6. The display will
be initialized in these OPS with the '*' displayed by the primary
runway (Item 3) and thereafter will reflect crew inputs.

Item 6 (G&N) provides the capability to designate the alternate head-
ing alignment circle (HAC) to be used for targeting during entry.

Text (OVHD or STRT) is displayed next to Item 6 to indicate whether
the approach is to be overhead or straight in. The display is ini-
tialized in MM 101 with OVHD selected and will not change unless guid-
ance automatically downmodes to STRT because of insufficient energy or
the crew selects the alternate HAC in MM 304, 305, 602, or 603. In ad-
dition, indicators are provided for GN&C and the left HSI to identify
whether the left (L) or right (R) HAC is the target point. The GN&C
and HSI indicators are initialized upon transitioning into MM 304 or
602. Prior to 304 and 602, the fields will be blank. The HAC can be
changed when guidance downmodes automatically from OVHD to STRT or
when the crew manually selects the alternate HAC via Item 6. If the
alternate runway is selected via Item 5, the approach will be reini-
tialized to OVHD. If an overhead approach has been selected and guid-
ance determines that the energy is too low, a Class 3 message will be
generated and OVHD will be flashed on the display. The flashing will
be terminated once a straight-in approach is selected, manually or au-
tomatically. If guidance downmodes automatically or if the alternate
HAC is selected via Item 6, subsequent automatic downmoding is inhib-
ited. Item 6 is legal only in MM 101, 304, 305, 602, and 603.

Item 7 is an entry point indicator. Initially, the indicator shall be
driven as nominal entry (NEP). Execution of Item 7 (XEP, where the
'X' is dynamic) allows the crew to switch to the minimum entry point
(MEP) or from MEP back to NEP as the energy situation dictates.
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10.

11.

A control is provided to redesignate a glideslope (GLD SLOPE) ground
intercept point. The display is initialized with the nominal inter-
cept point selected, indicated by 'NOM' being displayed next to Item
8. Execution of Item 8 (AIM) selects the intercept point closest to
the runway for high headwinds. This is indicated by 'CLSE' being dis-
played next to Item 8. Reexecuting Item 8 reselects the nominal in-
tercept point. It is possible to switch back and forth between the
nominal and close intercept points until the TAEM/AUTOLAND interface.
Switching the intercept point causes other appropriate values for
TAEM geometry parameters to be used. The HAC position shown on the
graphics portion of SPEC 50, however, always depicts a HAC Tlocation
based on the 'NOM' aim point. Therefore when 'CLSE' is selected, the
shuttle bug can be expected to fly approximately 1/20 of an inch in-
side the HSD's HAC depiction.

Item 9, the ALTM data field, is used to input the landing site baro-
metric altimeter setting corrected to mean sea level. The display is
initialized with this parameter set to 29.92 in. Hg and thereafter
shall reflect crew inputs.

Items 10 through 15 provide the capability to enter delta position
and velocity components in runway coordinates. Only components re-
quiring update need be entered, the remaining components being zeroed.

Item 16 (LOAD) provides the capability to execute a delta update to
the navigated state of the Orbiter using the data entered in Items 10
through 15. Upon completion of the delta update by NAV, these items
and their associated buffer shall be zeroed.

Item 18 (AT) provides the capability to update state vector downtrack
errors by means of adding or subtracting delta time in seconds. The
update is performed after a time value is entered via Item 18 (AT)
and verified, followed by the execution of control Item 16 (LOAD).
The delta time display field is zeroed when the display is first
called and will be rezeroed upon completion of a delta time update by
entry navigation. Item 18 is legal in OPS 3 only. Executing this
item in any other OPS will cause an ILLEGAL ENTRY message to be
generated.

The bottom section of the display allows the crew to manage some of
the NAV aid inputs to GN&C. The RESID column contains the residual
data value for each component of each data type that is being proc-
essed by the NAV filter. The residual is formed in navigation by
subtracting the NAV estimate of the data from the selection filter
output of the data. It should be noted here that navigation uses the
composite data output from the selection filter as inputs to the navi-
gation filter so that no distinctions are made as to the Line Replace-
able Unit (LRU) source of the data to the NAV filter. In the two LRU
cases, the LRU data are averaged so that the data cannot be distin-
guished as to LRU source. The residual value gives the crew an indi-
cation as to how well the data and the NAV estimate of the data

agree. However, these data alone cannot identify whether the data or
the NAV estimate of the data is in error.
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13.

14.

15.

The RATIO column contains numbers called the edit ratios that are the
residuals of each data type divided by the maximum allowable resid-
uals. The maximum allowable residual for each type of data is a dy-
namic number calculated in navigation. It is dependent upon state
vector uncertainties and measurement variances and is an estimate of
how close navigation thinks the internally generated and externally
measured data should compare. If the number in the RATIO column is
less than one, the residual edit test performed by navigation on the
data is passed, and the data can be subsequently used to update the
state vector. If the data fail the residual edit test, the ratio
will be displayed as a number equal to or larger than one and will
not be used to update the state vector. Thus, the edit ratio and the
ratio parameter status indicators give the crew an indication of
whether or not a particular data type is being incorporated into the
state vector. The residuals and edit ratios are computed by naviga-
tion for each NAV cycle and are available for display. When data are
not being processed by the RM, the residual and ratio data fields for
that parameter will be b]anked A parameter status indicator column
to the right of the RATIO will contain a down arrow when the parame-
ter has failed the update edit test. The down arrow will disappear
when the edit test is passed by a predefined percentage of 'Good'
data. The parameters defining percentage of 'Good' data are I-Tloaded.

There are three filter control options: auto (AUT), inhibit (INH), and
force (FOR), which the crew can exercise on three data types: tacan
(TAC AZ and RNG), drag altitude (DRAG H), and baro altitude (ADTA H),

to update navigation. Items 19, 22, and 25 allow navigation to auto-
matically (AUT) select data to be “used if they pass the edit test.

Items 20, 23 and 26 (INH) preclude updating the state vector with the

RM-se]ected data, but these data are used to generate the displayed

residual and ratio values. Items 21, 24, and 27 (FOR) shall override
the edit and force the data to be used to update the state vector if
the data are being processed by the NAV filter. Items 19 to 21, 22
to 24, and 25 to 27 are mutually exclusive. An asterisk (*) appears
next to any Item (19 to 27) that has been selected. The display will
be initialized with Items 20 (INH), 22 (AUT) and 26 (INH) selected.

The Entry Checklist contains tacan and air data management matrices
that show the crew which control options should be selected. The
matrices and procedures are discussed later in this section.

Items 28 to 30 provide control over the source of air data parameters

to guidance and flight control. Item 28 (AUT) provides auto transi-
tion from NAV-derived air data to ADTA. Item 29 (INH) inhibits the
ADTA data. Item 30 (FOR) forces the use of ADTA data. These items
are mutually exclusive. The PFS display will be initialized with Item
29 (INH) selected. The BFS display will be initialized with ITEM 29
(AUT) selected.

The tacan channel of the ground station that TAC 1, 2, and 3 is locked
onto or is attempting to Tock onto is displayed. The PFS HORIZ SIT

allows the crew to select via Items 34 or 35 whether the absolute tacan
azimuths and ranges or the deltas between the tacan and navigation de-
termined azimuths and ranges to the ground station are displayed. The
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16.

17.

BFS HORIZ SIT displays tacan AZ and RNG only in absolute values.
Items 34 and 35 are mutually exclusive and an '*' will be driven next
to the item selected. The PFS display will be initialized with Item
35 (DELTA) selected. A parameter status indicator column is provided
for the azimuth and range of each tacan. For both PFS and BFS dis-
plays, a blank in the column indicates normal operation and a down
arrow will be displayed if the parameter is declared failed by RM.
The PFS also has the capability to display an 'M' if data are missing
or a '?' if a dilemma is declared by RM.

Items 31 to 33 provide the capability for each tacan to be deselected
or reselected for use by the Selection Filter. If a tacan is dese-
lected, this will prevent RM from using range and azimuth as inputs
to the selection filter. Deselection will be indicated by an aster-
isk adjacent to the DES item number and down arrows in the range and
azimuth parameter status indicator columns. When RM declares either
range or azimuth failed on an LRU, a down arrow will be displayed in
the parameter status indicator column. In order to reselect and use
this parameter again, the LRU has to be deselected and then reselected.
The word 'TEST' will be displayed if a self test is being conducted
to resolve a dilemma. Tacan self test is only available in the 'GPC'
mode.

During MM 301, 302, and 303, the tacan azimuth and range data and the
associated parameter status indicators for tacan 1, 2, and 3 will be
blanked. When the DELTA values for tacan data have been selected in
PFS and a tacan channel selected is invalid, the azimuth and range
data fields and associated parameter status indicators for that tacan
will also be blanked in MM 304 and 305.

Item 37 and 38 provide format selection capability for the left and
right HUD's respectively. Crew selection is valid only in MM 304,
305, 602, and 603. Any attempt to select a format in any other major
mode shall result in an ILLEGAL ENTRY message and rejection of the
input. The HUD's initialize in format 0 (blank) in MM 304 or 602. At
transition to MM 305 or 603, the HUD's automatically mode to format

1 (Approach and Land).

Item 17 is unique to the BFS HORIZ SIT. It allows the crew to com-
mand the BFS to read PFS state information and display the deltas be-
tween the PFS and BFS state vectors. Note that the deltas, which are
displayed in the data fields for Items 10 to 15, are in UVW coordinates
rather than runway coordinates. If Item 16 (LOAD) is then executed,
the BFS state vector will be updated by the PFS state vector (subject
to BFS current filter cycle time). An asterisk will be displayed

next to Item 17 to enable the PFS to BFS state vector update via Item
16. The asterisk is reset when NAV has completed the required state
vector update or when the crew reexecutes Item 17, which disables the
PFS to BFS state vector update and zeroes the deltas in Items 10 to 15.
Item 17 (PASS/BFS SV XFER) does not appear on the PFS display and is
illegal in the primary system. Any attempt to execute this item in
the PFS will result in an ILLEGAL ENTRY message.
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18. The current value of normal acceleration in g's will be displayed ad-
jacent to the Orbiter symbol. This output is unique to the PASS display.
The parameters displayed will be total load factor in MM 304 and Ny
in 305, 602, and 603. Whenever the normal acceleration exceeds an I-
loaded 1imit, the displayed acceleration data and the Orbiter symbols
will flash. :

19. On the BFS display, keyboard inputs are not allowed after completion
of TAEM guidance and will result in an ILLEGAL ENTRY message on the
display (OPS 3 and 6).

5.1.4.10 Override Display (PFS and BFS)

The Override (SPEC 51) displays are available in GNC OPS 1, 3, and 6 and
give the crew a capability to manually control events that normally are
automatically controlled. The display can also be used to resolve RM di-
lemmas and provides a manual backup capability for critical switch fail-
ures. The PFS and BFS displays are significantly different in content
and layout; therefore, they will be described separately.

The PFS display is shown in figure 5-17. Only the functions applicable
to entry will be covered.

@\

( XXXX/ 051/ OVERRIDE XX X DDD/HH:MM:SS<\\
DDD/ HHs MMs SS
ABORT MODE \
AQ0A 11X ADTA
ATO  2X H @ M DES
ABORT  3X L 1S XXXXXX XX« X XXX 11X
35 XXXXXX EXX.X X. XX 12X
ET SEP R 25 XXXXXX £XX.X X.XX 13X
AUTO 4X 45 XXXXXX IXX.X X XX 14X
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AUTO SEL 21X
MU
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Figure 5-17.- Override display (PFS).

1. Item 7 allows the crew to override an RCS manifold valve microswitch
diTemma that has forced RCS RM to set the value status to closed.
This dilemma may prevent some good jets from being used and reduce the
flight control system capability. Execution of Item 7 causes RCS RM
to set the value status to open on any item in dilemma and puts the
RCS jets (ones without previous OFF or LK failures that have not been
failure overridden) back into the jet availability table.
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For each of the IMU LRU's, data are displayed cyclically to aid in
solving RM dilemmas. A performance monitor column (S) is provided af-
ter each LRU ID number that will be blank for normal operation, dis-
play a down arrow for an RM declared failure or crew deselection, dis-
play a '?' for an RM dilemma, or an 'M' for missing data. The STAT
column will either be blank for normal operation or display 'BITE' to
indicate a problem detected in the LRU. Two information parameters

are displayed in the first two rows of the ATT column. The first indi-
cates by number (1, 2, or 3) which IMU is providing attitude data to
the flight control system and the ADI. In the unlikely event that RM
determines all IMU attitude is bad, then RGA will be displayed in the
second row of the ATT column to indicate that the rate gyro data are
being processed and converted for use by the FCS and ADI. The first
row will still display the last IMU (1, 2, or 3) that provided good at-
titude data before the data was determined to be bad. If RGA is dis-
played during Entry because one IMU is failed and the two remaining

are in a dilemma, the crew should deselect the lower number IMU in di-
lemma. Items 8, 9 and 10 allow the crew to deselect an LRU for use by
the IMU selection filter or reselect an LRU that has been declared
failed by RM.

For each of the four ADTA LRU's, the following data are displayed
cyclically to aid in resolving RM dilemmas: ADTA derived altitude in
feet, ADTA derived angle of attack in degrees, and ADTA derived Mach
number. A performance monitor column (S) adjacent to the LRU ID num-
ber will be blank for normal operation, display a down arrow for an RM
declared failure or crew deselection, display a '?' for an RM declared
dilemma, or display an 'M' for missing data. Items 11, 12, 13, and 14
can be used to deselect or reselect an LRU for use by the ADTA selec-
tion filter. These items are legal in MM 304, 305, 602, and 603. Exe-
cution of these items in OPS 1, MM 301, 302, 303, or 601 will result

in an ILLEGAL ENTRY message. When the air data probes are not deployed,
zeros will be displayed in the H, a, and M columns.

Priority Rate Limiting (PRL) reduces the maximum surface rate commands
from the aerojet and GRTLS DAP's in the event hydraulic system fail-
ures are detected by the hydraulic SOP. Items 15 to 20, two items for
each of the three hydraulic systems, allow the crew to manually over-
ride or reselect the automatic PRL system management. For example, if
the SOP declares hydraulic system 2 failed, it will be visible on the
display as a down arrow in the performance monitor column (S) next to
the system 2 ID number and PRL will consider that system failed in
computing the adjusted surface rate command limits. If by trouble-
shooting it is determined that hydraulic system 2 is not failed, the
crew can force the PRL to consider system 2 as good by executing Item
18 and the maximum surface rate command capability will be restored.
The automatic system management can be reselected after selecting the
manual override mode of operation by executing the appropriate auto
item number. An asterisk is displayed after the item numbers indi-
cating the selected mode. The items for each hydraulic system are mu-
tually exclusive and are initialized in the auto mode. A performance
monitor column (S) provided for each hydraulic system will display a
blank for normal operation or upmoded manual system operation, a '?'
for an RM dilemma, and a down arrow for a failure or downmoded system.
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If any of these items are executed in MM 104, 105, 106, 301, 302, or
303, an ILLEGAL ENTRY message will occur.

5. The position of the Entry Roll Mode switch (AUTO, YJET/R or AIL) deter-

mined by GNC switch RM is presented on the display. Item 21 allows
the crew to select the 'AUTO' position in case the switch fails. When
this item is executed, an asterisk will be displayed and the status
from GNC switch RM will also read 'AUTO'. The display will be ini-
tialized with this item deselected (i.e., no asterisk) and thereafter
will reflect crew inputs.

6. Items 22 and 23 allow the crew to issue commands to either open or
close all of The vent doors. These items are mutually exclusive. An
asterisk shall be driven next to the item currently selected. When
the display is initialized, this signal will be set to its last com-
manded state either by crew entry or via the vent door sequencer.
These items will be legal only in OPS 3 and MM 602 and 603. Execu-
tion of these items in any other MM will result in an ILLEGAL ENTRY
message.

The BFS Override display shown in figure 5-18 allows the crew to deselect
IMU's and control vent doors during entry via procedures identical to
those used with the PFS display except that the item numbers are differ-
ent. In addition, if it becomes necessary to change the Tanding site op-
tions from the premission I-loads, this can be done to the PFS in OPS 2;
since there is no BFS in OPS 2, the BFS landing site options can be
changed in OPS 3 by using the landing site update capability provided by
the BFS Override display.

(jk\w//fr XXXX/ 051/ BFS OVERRIDE XX X DDD/HH:MM:SS‘\\
BFS DDD/ HHz MM: SS
MU 1 2 3
(@ DES 1X 2X 3¥
I~
A VENT DOOR CNTL ABORT MODE
OPEN  4X AOA 12X
o CLOSE  5X ATO 13X
ABORT 14X

s LAND SITE 6 PRI XX XXXXX
UPDATE 7 SEC XX XXXXX MAX THROT 24X
8 ALT XX XXXXX

X
X

ET SEP
AUTO  9X
SEP 10X
ET UMB DR
CLOSE 11X

XXX FCS )1()5()/
\ o

Figure 5-18.- BFS override display (BFS).
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4.

Items 1, 2, and 3 provide the crew with the capability to select or

deselect an IMU TRU for use by the midvalue selection processing of
the IMU HIP. Execution of any of these items will cause the asso-
ciated IMU to be deselected. An asterisk will be displayed beside the
item number indicating deselection. The capability exists to reselect
an IMU for use in selection processing once it has been deselected.
Reselection is accomplished by reexecuting the associated DES item.
This action will also cause the asterisk to be blanked. Items 1, 2,
and 3 are active in OPS 1, 3, and 6. They are initialized blank and
will thereafter reflect the current select/deselect status as modified
by crew entry.

Items 4 and 5 provide manual capability to command open or closed all
of the vent doors. The items are mutually exclusive. An asterisk
shall be driven next to the item indicating the current state of the
vents as set by crew entry or by the sequencing controller. These
items are only functional post-BFS ENGAGE and are legal only in OPS 3
and MM 602 and 603. The asterisk is only driven after BFS ENGAGE. On
engage, the display is initialized to reflect the Tast commanded state
of the vents.

This display also provides controls for updating the landing sites
required for entry.

o Items 6, 7, and 8 are used to load landing site ID's contained in
the maxitable. On loading the ID's, the data associated with these
landing sites shall be transferred to the PRI, SEC, and ALT loca-
tions of a minitable. These items are only functional in OPS 3.

o In addition to the controls required for loading the minitable, the
current status of what landing sites are loaded in the PRI, SEC,
and ALT slots is provided.

Item 15 allows the crew to alternately command the aerojet DAP to use
TASC' or 'ENT' FCS parameters. Selection of ENT FCS enables the 'pri-
mary' (nominal end-of-mission) elevon schedule and body bending filters.
Selection of ASC FCS results in selecting the 'alternate' or 'payload'
elevon schedule and body bending filters. Any time an entry is to be
performed with an IUS or TDRS in the payload bay, ASC should be se-
lected. (The entry FCS is not certified for flight with the IUS/TDRS
if the alternate body bending filters are not selected.) The display
is initialized in OPS 3 with ENT parameters if OPS 3 is entered from
OPS 2; and with ASC parameters if OPS 3 is entered from OPS 1. Once
initialized, the display will reflect crew inputs. Item 15 is legal
in OPS 3 only; execution in OPS 1 will result in an ILLEGAL ENTRY
message.

5.1.4.11 Entry Controls Display - SPEC 53 (PFS and BFS)

The Entry Controls display (SPEC 53) is available in OPS 3. The Entry
Controls display format is shown in figure 5-19.
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With the exception of Item 32, all items on this display will not be opera-
ble until software release 22 (currently scheduled for STS-15). On imple-
mentation of release 22, this display will allow the crew to perform the
aerosurface secondary actuator check in OPS 3, control MDM port assign-
ments, and perform AA, RGA, and surface feedback RM. However, only Item

32 is applicable to entry flight procedures and is the only item to be
discussed here.

1. Item 32 performs the same function as Item 15 on the BFS Override dis-
play (SPEC 51). Please see section 5.1.4.10 for a discussion of this

item.
//rv XXXX/ 053/ ENTRY CONTROLS XX X DDD/HH:MM:SS<\\
DDD/ HHz MMz SS
SEC ACT CK PORT STAT MDM PORT
1 2°3 4 STRING ASSIGN
CH1 1X LOB1SSSS PRI SEC
> 2X IB2SSSS { 22X 23X
33X RIB2SSSS 2 24X 25X
4 ax 0B 4SS5 S 3 26X 27X
START 5X RUD5S5SSS 4 28X 29X
STOP 6X SPD BRK 6 S S S 'S PL 30X 31X
NEG STIM ACT/CH
ENA TX 8 BYPASS XX
9 RESET XX
LRU  AA RGA  SURF FDBK
DES DES DES : ///CD
{1 10X S 14X S 18X S ‘///
2 11X S 15X S 19X S XXX FCS 32
3 12X S 16X S 20X S
4 13X S 17X S 21X S

\;\‘ ( XX)44,/

Figure 5-19.- Entry controls (PFS).
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5.1.5 Entry Sequence of Events

The fo]]ow1ng table contains a summary 1listing of the nominal entry events
from EI minus 5 minutes to Orbiter rollout and crew egress.
not include entry test requirements.

TABLE 5-1I1I1.- SUMMARY OF ENTRY EVENTS (TYPICAL)

This table does

Time, [Altitude,| VREL, Event Discussion,
min:s ft ft/ page
(x103) x10§) )
-05:00 548 24.4 | Transition to Major Mode 304 5-47
Complete pre-EI checklist
-03:58 517 24.4 | Secure FRCS
00:00 400 24.6 | Entry interface 5-51
02:39 322 24,7 | Auto elevon trim at g =_0.5 5-52
03:32 297 24.7 | Aerosurface control at § = 2.0 5-54
Potential body flap saturation
(M 24.6 to M 22.5)
04 :59 265 24.5 | Closed-loop guidance initiated 5-58
(Drag = 4)
Temperature control phase
Phugoid damper usable
05:00 265 24.6 | Roll Rgg jets deactivated at 5-60
05:18 260 24.5 | First bank command 5-61
06:10 255 24,3 | Maximum surface temperature 5-64
region (M 19.4 to M 24)
Drag profile within 0.5 ft/s
08:04 248 23.5 | Pitch jets deactivated at q=20 5-67
Ny trim active at @ = 20
11:49 234 21.3 | Drag H update in NAV filter at 5-69
Drag = 11; monitor with HSD
13:40 225 20.4 | MPS feedlines pressurized 5-70
13:45 224 19.9 | Equilibrium glide phase 5-71
14:17 226 19.4 | First bank reversal 5-72
14:42 212 19.0 | Landing gear hydraulic isola- 5-74
tion valve, system 3, open
14:42 214 18.9 | RCS activity Tights reconf1gura- 5-76
tion at g = 50
Power up previously powered 5-75
down LRU's
17:47 187 14,5 | Constant drag phase 5-77
17:47 187 14.5 | Alpha ramps down from 400 5-78
18:27 180 13.2 | Point Pillar C-band AOS 5-80
(+60 sec)
18:57 175 12 Radiator flow selected
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TABLE 5-I1I.- Continued

Time, |Altitude,| VREL, Event Discussion,
min:s ft ft/g page
(x103) | (x103)
12:20 164 10.5 | Call up HSD to monitor tacan 5-81
A0S
19:24 167 11.2 | Exit L-band blackout
19:49 162 10.4 | Transition phase 5-82
20:03 160 10.0 | Speed brake ramp to 100 percent 5-83
20:14 158 9.7 | UHF upvoice and downvoice 5-85
20:27 157 9.3 | S-band A0S (+30 sec) 5-86
20:41 156 8.9 | Earliest opportunity for runway 5-89
redesignation
21:34 145 7.5 | Earliest opportunity for MCC 5-90
state vector update
21:41 144 7.3 | First tacan acquisition 5-91
Tacan two-LRU Tockon; EDW
selected
21:50 143 7.2 | Check tacan source 1,2,3 on HSI
22:41 128 6.0 | No-comm tacan management
23:07 120 Call up DPS OVERRIDE display 5-107
5.0 | Deploy ADS probes 5-108
24:24 103 4.0 | Speed brake ramp to 65 percent 5-100
24:51 100 3.5 | Rudder trim activated 5-102
24:41 100 3.6 | Excessive H avoidance 5-101
25:13 89 3.0 | Elevon trim position to 00 5-109
25:20 88 HUD power on 5-110
25:30 85 2.6 | Drag H update terminates
25:30 85 2.6 | Flash evaporator OFF
25:48 81 m=2.54| TAEM interface; HSI select 5-116
modes to TAEM (AUTO)
25:40 83 m=2.5 | ADTA data into G& and NAV 5-93
25:55 82 m=2.4 | Fuselage vents open 5-126
Auto aileron trim deactivated
27 :53 51 m=1.0 | RCS yaw jets deactivated 5-127
28:17 45 m=0.9 | Elevon trim position to 40 DN 5-128
28:03 45 m=0.9 | Speed brake modulated for 5-129
energy control
28:42 40 m=0.84| HAC tangency (WP 1) 5-130
30:16 20 272 Initiate MLS updating; HSI 5-132
source to MLS
31:02 10 285 Track outer glide slope toward 5-134
aim point
28:55 15 275 Wind update if required 5-138
30:52 12 283 Approach and landing interface 5-139
Body flap goes to TRAIL
31:19 5 286 Arm landing gear 5-142
30:38 5 280 Radar altimeter activated 5-141
Altimeter check all sources
31:33 2.5 285 Position speed brake close 5-143
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TABLE 5-I1I.- Concluded

Time,

min

.S

Altitude,
ft
(x103)

VREL,
KEAS

Event

Discussion,
page

31
32:

32:
32
32

32

+27

:47

04
09

:21
:30
:40
152

° ®
[N e N XN NN

287
270

249
195
165
110

0

Preflare
Lower landing gear
Radar altimeter updating
Final flare
Touchdown; SB to 100 percent
Slapdown and rollout
Braking on runway
Braking and stop
Postlanding checks
Establish comm with Convoy 1
ET umbilical door opening
RCS, OMS safing
Hydraulic load test
LRU deactivation
DPS transition to OPS 9
BFS to QPS 00
SSME repositioning
APU/HYD shutdown
Vent door purge positioning
Hatch opening by ground sup-
port
GPC 2, 3, 4 powerdown
NH3 deactivation
Ground-support personnel
ingress
Crew egress

5-145
5-147

5-149
5-151
5-153
5-156

5-159
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EVENT CUE DISPLAY

Transition to Major Mode 304 EI - 5 min CRT timer
EIT = -05:00 (min:s)
VREL = 24.4 x 103 (ft/s)
H = 548 x 103 (ft)
R =5613 (n. mi.)

CREW ACTION: Perform Pre-EI Checklist
DISCUSSION

Crew transition to OPS 304 has been baselined to occur at EI - 5
minutes. No hardware or software constraints require the GN&C to be
configured for MM 304 5 minutes before entry interface is achieved
and the time selected is one of crew convenience to provide a margin
for start of encounter of atmosphere.

The following GN&C functions are software activated at crew initia-
tion of OPS 304 PRO.

0 Entry guidance is initiated in the preentry phase with a_commanded
bank angle of 00. At a sensed acceleration of 5.66 ft/s2 (0.1764,
Drag ~4 ft/s2), closed-loop ranging commences. v

0 The AEROJET DAP is initialized in AUTO at the current attitude.

o Subsystem operating programs (SOP) become active for the:
o ADTA
o Tacan
0 Body flap slew commands
0 SBTC - intialized with CDR in control
o RPTA
0 Entry/landing RCS command
0o Two-axis RHC (pitch and roll)

o FDI becomes active for the:
o ADTA
o Tacan
o SBTC
o RPTA
0 Body flap command
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DISCUSSION - Continued

o The ADI becomes a two-axis ball displaying body roll and pitch at-
titudes with respect to LV/LH regardless of the ADI ATTITUDE
switch. The roll and pitch errors each display the body roll and
pitch attitude error with respect to entry guidance commands by
using the bank guidance error and the angle of attack error. The
yaw error needle displays side slip (B) to a dynamic pressure of
20 1b/ft2. Subsequently, the ADI yaw error needle provides side
slip information in terms of equivalent yaw jet capability. (Full
scale equals 2.5 equivalent yaw jets.) The roll and pitch rate
needles display stability roll and body pitch rates using stabil-
ity roll rate, roll gyro data, and filtered pitch rate. The yaw
rate needle displays stability yaw rate. These rates are calcu-
lated in the entry flight control system roll, pitch, and yaw chan-
nels for display on the ADI.

o The HSI, AMI, HUD and the AVVI become active.

o NAVDAD becomes active and computes air data parameters (g, Mach,
EAS) for the ADTA.

o Site lookup is activated to supply other functions with access to
the tacan site and landing site tables.

o Preland navigation is activated when valid barometric or MLS data
are available.

o Entry CRT displays become active as described previously in sec-
tion 5.1.4.

o Area navigation that processes data to the two HSI's according to
the position of the HSI SELECT switches.

o Entry attitude processing.

o Landing gear isolation valve hydraulic conditioning initiated at
M 19, M 19 + 5 minutes, and M 19 + 10 minutes.

o Vent door sequencing initiated at 2400 ft/s.
o SPTI SOP.

The following GN&C functions were initiated by previous modes and
are still active during MM 304:

o Entry user parameter processing.
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DISCUSSION - Continued

0 RCS activity Tights. The RCS activity 1ight processing function
will perform the processing necessary to drive the roll, pitch, and
yaw RCS indicator lights. The RCS Tights indicate the presence of
an RCS command from the entry FCS to the jet select logic. The RCS
light-on times are stretched to allow the pilot time to identify
the commanded jets. After the roll and pitch jets have been deac-
tivated, the roll indicator lights are used to indicate that three
or four yaw jets have been requested, and the pitch indicator lights
are used to indicate elevon rate saturation.

o IMU inertial processing.

0 Subéystem operating programs for:
R

AA

Elevon feedback

Rudder feedback

SB feedback

BF feedback

Hydraulic system

MPS TVC command (stow position)

OMS TVC command (entry stow position gimbal activation command)

Selection filtering, which consists of software elements designed

to reduce multiple system outputs into one data source for use

by application programs

IMU RM

o FDIR for the RG's and AA's

o FDI for:

- Elevon position feedback

- Rudder position feedback

- SB position feedback

- BF position feedback

- RCS RM

- RCS quantity monitor

- GAX

- Deorbit/Tanding navigation sequencer

- Entry navigation terminates when valid barometric data are
available

- SPI processing

- GN&C switch processor

- Deorbit/landing user parameter sequencer

OO0 000000 O0OO0

o

At transition to MM 304, the elevon trim integrator is initialized
to the I-Toad trim schedule value. The body flap integrator is
initialized to a position as a function of vehicle c.g. The sur-
faces begin driving at transition to these initial positions and
remain fixed until g = 0.5 1b/ftZ.
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DISCUSSION - Continued

Effect on Entry of Deorbit Execution Errors

Deorbit execution errors affect:

o Surface temperatures

0 Backface temperatures

0 Maximum load factor

0 Guidance sequencing

o Entry maneuver capability

Surface and backface temperatures are affected by range and flight
path deviations at EI as follows.

o Longer range produces higher backface temperatures and lower sur-
face temperatures.

o Shorter range produces lower backface temperature and higher sur-
face temperatures.

o Shallow gamma EI produces higher surface and lower backface
temperatures.

o Steeper gamma EI produces both higher surface temperatures and
backface temperatures.

Guidance sequencing effects are shown on page 5-58.

Thermal Effects

Deorbit execution errors can result from an untrimmed underburn or

an overburn. (An overburn is considered unlikely and is not dis-
cussed.) Prebank can be used to partially compensate for the temper-
ature increase from an underburn due to the shortened EI to landing
range. (The shortened range results in increased surface tempera-
tures.) Potential procedures for handing untrimmed underburns in-
clude the following.

o For small underburns, the increase in Orbiter surface temperatures
can be accepted.

o Vary the preentry bank angle (nominally 00) as a function of the
magnitude of the underburn to minimize the surface temperature
increase.

o Change the landing site to a point further downrange (Northrup)
when surface temperatures are predicted to reach unacceptable
levels.

The matrix in the Entry Checklist indicates the prebank schedule to
Edwards and when the crew would redesignate to Northrup for landing.
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EVENT CUE DISPLAY

Entry Interface EIT = 00:00 CRT timer
EIT = 00:00 (min:s)
VREL = 24.6 x 103 (ft/s)
H = 400 x 109 (ft)
R = 4424 (n. mi.)

CREW ACTION: Awareness

DISCUSSION

Entry interface, by definition, occurs at 400,000 feet. Guidance is
still in the preentry phase with a nominally commanded bank angle of
00. H is approximately minus 500 ft/s.

The CRT timer, which has been counting down to display zero at entry
interface, starts counting up.

In the AUTO mode, the entry Flight Control System (FCS) will issue
commands to the roll, pitch, and yaw RCS jets for rate damping in
the attitude hold phase.
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EVENT CUE DISPLAY

Auto Elevon Trim Activated § = 0.5 1b/ft2 CRT/ENTRY TRAJ 1
Surfaces trim GNC SYS SUMM
EIT = 02:38 (min:s) EAS ~12 kn AMI
VREL = 24.7 x 103 (ft/s)
H= 322 x 103 (ft)
R = 3883 (n. mi.)

CREW ACTION: Monitor RCS jet firings, 8, SgF
BDY FLP pb - AUTO

DISCUSSION

Before g = 0.5 1b/ft2, the body flap and elevons remain fixed at
the trim schedule positions commanded at the transition to Major
Mode 304. At § = 0.5 1b/ft2, the elevons become active in the
flight control system auto pitch trim loop. RCS pitch jet commands
are integrated in the pitch channel to form elevon trim commands.
The body flap channel also receives the elevon trim commands, com-
pares the trim command to the trim schedule, and drives the body
flap to maintain the elevons on the trim schedule. By using the
elevons and body flap to assist the pitch jets in trimming out pitch
rate errors, RCS fuel is conserved. A typical elevon trim schedule
is shown in figure 5-20.

NOTE: Other TEST and ALTERNATE elevon and speedbrake
schedules may be selected depending on returning
a payload and obtaining PTI data.

-3 -
(uP)
-2
o
Q
© -1
5§ .9 1.5 2.0 3.0 4.0 10.4 Mach
= 4e :-;////r l l '
-
+4°
(DOWN)
+5° =

Mach number

Figure 5-20.- Elevon trim schedule.

However, the elevons may not follow this schedule in this low g
region for several reasons. Navigation may not provide a good esti-
mate of G = 0.5 1b/fté, causing an off-nominal switch to occur. An
early switching can cause a mistrim while a late switching can cause
higher RCS consumption. In this region, aerovariations in pitching
moment because of viscous effects in combination with an aft c.g.
can cause the body flap to saturate at the down stop.
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DISCUSSION - Concluded

The primary consideration for elevon trim position down to Mach 12
is a thermal constraint. Surface temperatures begin rising signifi-
cantly in the 10 to 20 1b/ft2 § region and remain high until g ~

50 1b/ft2 and VREL ~ 18,000 ft/s, after which time temperature plots
show a decrease in control point temperatures. To prevent over-
heatigg, the elevons should be on schedule on attaining q = 10
1b/fte.

Manual surface trim is provided by body flap and pitch (elevon) trim
switches located on side panels L2 and C3. Surface trim can be com-
manded in either AUTO or CSS FCS modes.

In the very low dynamic pressure regime, large excursions in elevon
trim may be observed, particularly with off-nominal pitching moment
variations. Elevon trim deflections are commanded to alleviate pitch
jet firings and, because the elevon/body flap trim loop is compara-
tively slow in this region, the elevon trim may deviate signifi-
cantly from the trim schedule. The pitch trim Timits are -330 to
+180, and the roll trim limit is #30. Note that if the body flap
is in AUTO and the pitch trim is changed from the MM 304 initiali-
zation position, the body flap will drive to the stop if required,
trying to trim the elevons back to the schedule. At 0.5 psf
pressure, the elevons become active for trim through the FCS auto
trim loop. As pitch jet firings cause steps in elevon trim, the
body flap begins to drive to put the elevons back on the proper
schedule. The pitch panel trim could be used to aid in nulling
aerodynamic torques prior to @ = 0.5 psf, but the trim rate is so
slow that it is not recommended. For q > 2 psf, the panel pitch
trim has no recognized utility. Pitch static trim is maintained
automatically by the FCS in CSS and AUTO. 1If a pitch panel trim
input is made, the automatic trim will eventually override it.
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EVENT CUE DISPLAY

Aerosurface Control Activated q=2 1b/ft2 CRT/ENTRY TRAJ 1
Sg active Surface SPI's
EIT = 03:32 (min:s) sp active GNC SYS SuMM
VREL = 24.7 x 103 (ft/s) EAS ~24 kn AMI
H = 297 x 10° (ft)

R = 3670 (n. mi.)

CREW ACTION: Monitor & and 8p surface deflections
DISCUSSION

AUTO guidance or CSS pitch commands are now sent to Priority Rate
Limiting (PRL), commanding the elevons for longitudinal control,
rate feedback damping for stability, and automatic trim.

In the AUTO mode the FCS responds to angle of attack commands from
entry guidance. These commands are generated within guidance to
control drag acceleration variations in bank reversals while main-
aining o within the limits of a desired M-a envelope. If an error
exists between the commanded a and the nav derived a, the FCS
generates a pitch rate in the direction appropriate to null the

o error. The magnitude of the commanded pitch rate is a function
of the o error, limited to #20 in the pitch axis. The elevon
deflections, to produce the required pitch rate commands, are

a function of the difference between actual and commanded pitch
rate, an integrated surface trim command, and the dynamic pressure.
The deflection commands ('forward loop commands') are passed through
body bending filters, limited between +180 and -330, and sent to
PRL. PRL calculates individual surface panel commands based on

the number of hydraulic system failures and the available fluid
flow. PRL also sets rate saturation flags if the surface panel
commands are being rate limited; i.e., driving at the maximum
possible rate of 20 deg/s with two or three APU's operational

(13.9 deg/s with one APU). Surface deflections in response to
these commands should be visible on the inboard and outboard sur-
face position indicators (SPI's). In AUTO, pitch commands are gener-
ally small, 0.5 deg/s or less. RCS pitch jets will fire if the
pitch rate error command exceeds 0.25 deg/s. Roll and yaw jets

are active to meet roll maneuver acceleration specifications.

In CSS, surface and jet commands are based on pitch rate commands
from the pilot's RHC deflection differenced with actual pitch rate
feedback, forming a rate error. The pilot can command a pitch rate
Timited to +2.88 deg/s with the RHC, summed with a +1.5 deg/s rate
trim command. Once the rate error between commanded and rate gyro
feed back pitch rate is determined, the remainder of the control
loop is as in AUTO. The pilot can command higher rates than the
AUTO mode; however, actual vehicle initial acceleration remains a
function of surface effectiveness in the low g regime and RCS au-
thority. If small residual pitch rates are noted on the ADI, the
RHC rate trim can be used to bias the rate command and null the re-
siduals while in CSS.
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DISCUSSION - Continued

The elevons also now respond to aileron commands as generated in the
coupled roll and yaw axis channels. Roll maneuvers are commanded by
AUTO guidance or RHC inputs in the roll channel. Commanded AUTO roll
rates are limited to +5 deg/s about the stability roll axis in the
entry flight phase. Based on a commanded roll rate and body yaw rate
feedback, the yaw channel computes a yaw rate error signal. This

yaw rate signal commands yaw jet firings to achieve the yaw rate re-
quired to initiate a bank. The actual yaw rate is sent to the roll
channel where a corresponding roll rate for turn coordination is cal-
culated. A roll rate feedback signal is summed with the commanded
roll rate to form a body roll rate error command to the roll jets

and ailerons. Therefore, in this regime, if a roll is commanded,

the following sequence ensues.

o The yaw jets fire to yaw the vehicle in the direction of the in-
tended roll, inducing a sideslip.

o As yaw rate builds, aileron commands are generated to produce the
roll rate (p) required to coordinate the maneuver, damping 8. Nom-
inal aerodynamics indicates lateral stability (-Cy,); i.e., a nega-
tive rolling moment is induced by a positive sides%ip angle. The
ailerons provide very tight control, and only very small B's are
seen during the roll maneuver.

0 Rol11l and yaw jet firings and aileron deflections respond to null
errors in body roll and yaw rates as required for steady-state
turn coordination.

o Rate damping is performed by the jets and surfaces when the com-
mand is zeroed.

An integrator in the roll channel also provides an automatic aileron
trim function. From this regime down to Mach 1.25, an aileron is de-
flected so that the resulting yawing moment will trim out a yawing
moment due to sideslip, as might be induced by a lateral c.g. off-
set or a bent airframe. The pilot can make manual trim inputs to
the ailerons via a panel roll trim switch. The aileron trim deflec-
tion is limited to +39. In response to maneuver commands, trim com-
mands, and rate damping, the aileron command is limited to +10°0 in
the rol11 channel. (However, if near the elevon deflection limits,
100 of aileron cannot be obtained.) Using the ailerons for aerody-
namic trim alleviates the use of yaw and roll jets for trim, con-
serving RCS fuel.

The panel roll trim can be used throughout entry. This switch may
be used to aid the auto trim to reduce yaw jet activity as follows.
If repeated yaw jet firings on the same side are observed, trim away
from the firing jet in small steps until the jet activity ceases.
For example, if repeated right yaw jet activity is seen with little
or no left jet activity, trim to the left with the panel roll trim
until the activity ceases or is balanced. Do not attempt to hold
the trim switch until the activity ceases or the desired value will
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DISCUSSION - Continued

be overcorrected. This trim procedure should be followed until rud-
der activation or until aileron trim saturation (£3°) occurs. Do
not try to trim during bank maneuvers, only during steady state
flight.

When the BFS is engaged, the elevator trim is essentially initia-
lized to the present position; however, the aileron and rudder trim
integrators are set to zero. The crew should closely monitor ail-
eron trim and yaw jet activity for FCS performance cues as well as
for the possibility of a BFS engage case. If in the PASS a large
aileron trim is required and the BFS is engaged, manually retrim
ASAP to avoid loss of control.

In addition to Y c.g. offsets a bent airframe, aerovariations, and
RCS/aero interaction effects may affect the actual aileron trim de-
flection. Real gas and viscous interaction effects change pitching
moment aerocoefficients and, thus, elevon and body flap trim posi-
tions. Aileron coefficients and lateral/directional stability coef-
ficients are also a function of elevon trim position, influencing
aileron trim deflections. RCS jet firings cause impingement of the
plumes on the aerosurfaces and disturb the surrounding airflow.
This interaction between plume and flow generates moments different
from what might be predicted from system geometry. Flight control
characteristics noted from parametric analyses are as follows.

o Pitch RCS moments are reduced as g increases.

0 Roll due tg yaw jets becomes favorable as q increases. At a q
of 0 1b/ft¢, a plus yaw jet firing, in addition to a yawing moment,
produces a -13,000 ft-1b rolling moment. As dynamic pressure in-
creases, the rolling moment produced is poiitive for a posgitive
yaw jet firing, nominally at about 6 1b/fté, At 20 1b/fte, the
rolling moment is +4,500 ft-1b. With RCS aero uncertainties ap-
plied, however, more rolling moment may result than is required to
coordinate a roll maneuver if only one yaw jet is fired. To pre-
vent the possibility of a roll reversal, a minimum of two yaw jets
is always commanded.

o Ro1l moment due to roll jets decreases significantly as g
increases.

o Yaw RCS moments remain fairly constant throughout the dynamic pres-
sure range for a given number of jet firings. Each jet produces
a moment of approximately 32,000 ft-1b. The nominal moment is
linearly proportional to the number of jets when firing two or
more jets. For example, at Mach 10, two jets create a nominal mo-
ment of about 68,000 ft-1b. (However, if RCS aero uncertainties
are applied, depending on specific combinations, that moment
varies from 58,000 to approximately 76,000 ft-1b.)
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DISCUSSION - Concluded

The guidance and control systems are mechanized to minimize the in-
teraction effects as follows.

o Roll jets are turned off as soon as possible (q = 10).
o No guidance roll command until g > 10.
0 A minimum of two yaw jets is always commanded.

Above a dynamic pressure of 2 1b/ft2, the ADI yaw error needle will
continue to display the sideslip angle (B) from ATT PROC to a g of
20 1b/ft2, but B will no longer be used in the FCS calculations of
the body_yaw rate required for turn coordination. Above a q of

20 1b/ftZ, the yaw error needle will display a component of lateral
acceleration proportional to B and scaled for ease of monitoring,
equivalent to yaw jet authority. This 'scaled Ay' or estimated

B is discussed further in a subsequent chapter.
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EVENT CUE DISPLAY

Closed-Loop Guidance Initiated D=4 ft/s CRT/AMI
g = 10 1b/ft2 CRT
EIT = 04:59 (min:s)
VREL = 24.5 x 103 (ft/s)
H =265 x 103 (ft)
R = 3255 (n. mi.)

CREW ACTION: Monitor
DISCUSSION

Closed-loop ranging is initiated at 0.176g total load factor, which
js at a drag acceleration of about 4.0 ft/s2 for nominal L/D and a

g of approximately 10 1b/ft2, both of which can be monitored on the
Entry TRAJ CRT's. The best cue to the crew that closed-loop ranging
has commenced is the appearance of the 'square' symbol on the Entry
TRAJ 1 display. For each guidance cycle ?every 1.92 seconds), entry
guidance analytically predicts a reference drag-velocity profile
that will satisfy ranging requirements. This drag-velocity profile
has been shaped to meet vehicle heating and structural constraints
for nominal trajectories plus 3-sigma range dispersions. If, how-
ever, these range dispersions are exceeded, the drag-velocity pro-
file will be adjusted in the temperature control and equilibrium
glide phases (based on range error) so that nominal constant drag

and transition phases can be flown. If a range error still exists

in the constant drag phase, the constant drag profile will be ad-
justed so a nominal transition phase can be flown. Guidance will

try to fly a drag-velocity profile that will satisfy ranging require-
ments regardless of any heating or structural constraints; except,
when in the transition phase (VREL < 10,500 ft/s), the drag profile
is 1imited so the vehicle will not exceed 2.2g9. To achieve the
required vehicle drag so ranging conditions are met, entry guidance
uses a combination of bank angle and angle of attack modulation. Be-
cause drag changes from bank angle modulations are relatively slow
(i.e., increase in bank angle increases H which increases atmos-
pheric density which increases drag), the angle of attack is modu-
lated to achieve the reference drag on the short-period basis and

the bank angle is modulated to control drag on the long-period

basis. Bank commands are reversed within predetermined delta ¥ dead-
bands to control crossrange errors. Bank angle and angle of attack
modulation will be discussed in detail in Tater sections.

If closed-loop guidance fails to activate, the crew should monitor

H and DACT and, as H approaches ~ -200 ft/s, the procedure is to
take control in ROLL/YAW 'CSS' and manually bank to ~ 800 bank angle
towards WP 1 and converge DACT to DREF. (The first ROLL CMD event
contains the drag convergence procedure.) This procedure is only
used if autoguidance is known to be failed and the Shuttle symbol

is near the nominal trajectory line on the TRAJ 1 display.

Entry closed-loop guidance is nominally initiated in the temperature
control phase by the termination of preentry guidance at 0.176g.
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DISCUSSION - Concluded

However, depending on the vehicle's energy state, guidance phases
can be skipped as shown in the following transition criteria flow

diagram.

OPS 304 PRO

PREENTRY
PHASE

TEMPERATURE CONTROL
PHASE

. EQUILIBRIUM GLIDE
PHASE

CONSTANT DRAG
PHASE

TRANSITION
PHASE

5

TAEM
(MM 305)

TRANSITION CRITERIA - TYPICAL

1.

Total Toad factor = 0.176g (5.66
ft/s2) and criterion 6 is not met.

Temperature control and equilib-
rium glide drag profiles con-
verge at V < 19,000 ft/s.

Desired constant drag level
(33 ft/s2) is reached.

. V <10,500 ft/s and drag level <

predetermined drag level.

. V <2500 ft/s or crew action OPS

305 PRO.

. Load factor > 0.176g and current

constant drag is greater than
desired constant drag (short-
range case).

. Desired constant drag is reached

and V < 19,000 ft/s or constant
drag to reach target > desired
constant drag (short-range
case).

. Predicted velocity at criterion

V < 10,500 ft/s (very long
range entry).

NOTE: The transition flow for
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different downrange entries
is as follows.

Nominal: 1-2-3-4-5
Short: 1-7-4-5
Extremely short: 6-4-5
Long: 1-2-8-5
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EVENT CUE DISPLAY

Ro11 RCS Jets Deactivated q=10 1b/ft2 CRT/ENTRY TRAJ 1
. EAS ~54 kn Ro11 RCS activity
lights
EIT = 05:00 (min:s) AMI
VREL = 24.6 x 103 (ft/s)
H = 265 x 103 (ft)
R = 3320 (n. mi.)

CREW ACTION: None. RCS activity lights should not indicate further
roll jet firing.

DISCUSSION

As dynamic pressure builds, aileron effectiveness increases until
sufficient control authority is available without assistance from
RCS roll jets. As previously mentioned, the roll moment dus to roll
jets decreases significantly as q increases toward 20 1b/fté. RCS
jet interactions can cause the moment produced by roll jet firings
to change sign between 4 and 20 1b/ft2, depending on the number of
jets fired, but the aileron moments are powerful enough to overcome
these jet interaction moments. Continuation of roll jet firings
above q = 10 1b/ft2 would only result in somewhat excessive RCS

fuel consumpti%n. The FCS ROLL channel terminates roll jet commands
above 10 1b/ftZ; thus, if an adequate determination of dynamic pres-
sure is made by NAV, the jets should not continue to fire in a ques-
tionable aerodynamic region.

Above 10 1b/ft2, if the ENTRY MODE switch is in the AUTO position,
forward loop commands will now be sent from AUTO or the RHC to the
ailerons. (At dynamic pressures between 2 and 10 1b/ft2, aileron
commands are based on yaw and roll rate feedback terms only.) The
forward loop commands an initial aileron deflection opposite to the
normal command for roll to allow the aileron adverse yawing moment
to assist the yaw jets in producing the moments necessary to initi-
ate the roll maneuver sequence. Therefore, if the pilot commands

a right roll maneuver, an initial left aileron spike may be observed
on the SPI's in conjunction with the yaw jet firings. As the roll
is established, the ailerons deflect to damp B and provide the

body roll rate to coordinate the stability roll. This initial aileron
spike wi}] occur with a roll command initiated between a g of

10 1b/ft2 and Mach 3.8. Larger aileron spikes in response to roll
commands may be seen (and felt) if the ENTRY MODE switch is in the
'NO YJET' position, as the gain on the aileron command is much
higher. Further discussion on NO YJET procedures is contained in
the 'Entry Flight Control System Downmoding' section.
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EVENT CUE DISPLAY

First Bank Cammand D =5.1 ft/s2 CRT/ENTRY TRAJ 1
H = 227 ft/s AVVI
EIT = 05:18 (min:s)
VREL = 24.5 x 103 (ft/s)
H =260 x 103 (ft)
R = 3180 (n. mi.)

CREW ACTION: Monitor
DISCUSSION

The first bank command is issued by guidance when vehicle drag and

H reach a certain delta compared to the trajectory referenced drag

and H. This will nominally occur at Drag = 5.1 and H = -227 ft/s,

which can be monitored by the crew on the Entry TRAJ 1 display and

the AVVI. The first bank command will always be toward the landing
site.

Under nominal conditions, this first bank command is very soon after
closed-Toop guidance is activated (guidance actjvated at q = 10
1b/ft2 and first bank command is a q ~ 12 1b/ft2). If for some rea-
son the vehicle does not bank, H will become positive and enter the
atmosphere with 1ift vector up and will cause the vehicle to 'skip
out' (i.e., positive H will occur and the vehicle will reenter fur-
ther down range). The crew should therefore monitor the initial ¢
command at guidance activation and should monitor drag during the
pullout to make sure it converges with DREF. If actual drag does
not converge to reference drag within 2 ft/s2, the crew should take
over in ROLL/YAW CSS and adjust bank angle to converge actual drag
with DREF.

To converge DACT with DREF manually, a good instrument cross-check
of DACT, DREF, ¢, H, and H should be developed. A decrease in ¢,
will_decrease DACT and an increase in & will increase DACT, but H
and H must be used to control the rate of change due to the lags,,
between A® and DACT. _Small AP changes are quickly reflected in H;
by cross-referencing H with H and ¢, an H can be obtained that
will place the vehicle at the proper drag level (the desired A to
fly is interpolated from the Entry TRAJ display). As a rule of thumb,
changes in H should be kept small and the H needle should never

be pegged. When in trouble (phugoid), bank to make H = 0. The
procedure and flying techniques to perform this are as follows.

o Maintain DACT ~ DREF by changing bank angle to change H to change
H to change DACT. For example, if DACT is Tless than DREF, the
pilot should check to see if the present trend is toward convergence.
If not, he should increase bank angle which will increase the mag-
nitude of H (H should never exceed -400 ft/s). Finally, he
should decrease bank angle to converge H to ~ H REF as DACT con-
verges to DREF. After drag error is nulled, he should return FCS
ROLL/YAW to AUTO.
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DISCUSSION - Continued

o If guidance is suspect, he should continue to fly ROLL/YAW C3S
and after the drag error js nulled, attempt to establish an H
and H that will slowly trim DACT to keep pace with DREF.

If guidance fails, the crew could take over in P, R, Y CSS and fly
a manual entry using the DREF and A REF information on the ENTRY
TRAJ displays. The main objective is to keep actual vehicle drag
equal to DREF (interpolated from the Shuttle symbol's position be-
tween dashed drag lines on the CRT display). The actual vehicle
drag is controlled by changes in bank angle ¢ and by a modulation.
Bank angle changes are long-term effects as a change in ¢ changes
the vehicle 1ift in the vertical plane that determines the rate at
which the vehicle sinks into the Earth's atmosphere; i.e., the
faster the vehicle sinks into the atmosphere (denser air), the
faster the drag bujlds up. This is a slow process, however, due to
lags between A® + H+ H+ D change. Changes in a, on the other
hand, are short-term effects on vehicle drag because as a is
changed, the drag coefficient is changed, which has an immediate ef-
fect on vehicle drag. The procedure and flying techniques to keep
DACT = DREF are as follows.

o Fly scheduled o first (CRT or cue card). Do not modulate a
outside the guidance limits.

o Bank as required to maintain H ~ H REF (ﬂ for nominal entry is
displayed at bottom of CRT TRAJ display). This H number may have
to be biased if flying off-nominal trajectories. These H numbers
are only used as a gauge for converging and maintaining the drag
profile.

o Perform bank reversals at approximately 5 deg/s ramp a 2° high
when ¢ passes thrgugh 0° (this helps keep DACT closer to DRE?).
RHC to detent as H goes to 0, then shallow bank as required to
converge on H that will keep DACT ~ DREF (use H to converge on
the proper H).

o Fine tune o and & to keep DACT = DREF (using a modulation to fine
tune drag profile will conserve RCS fuel if § > 20).

Notes of interest:

o If flying at drag values that are greater than the DREF values
along the top line of TRAJ 1 display, the one time reuse TPS tem-
perature will be exceeded.

o For nominal trajectories between M 22 and M 10, & = 600 %50
(exc Tuding bank reversals).

o When in a phugoid, adjust & to make H=o0.
o Don't peg the H needle.
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DISCUSSION - Concluded

An early bank command is an indication of higher than nominal
L/D or a shallower than nominal y. A late bank command is an
indication of lower than nominal energy and may be due to a Tow
L/D or a steeper than nominal Y or a longer than nominal range
to go. With the addition of a modulation, the low L/D case can
also be detected by observing a after drag equals DREF. (Alpha
modulation is activated when DACT > DREF or VREL < 23,000 ft/s,
whichever is first.) If the vehicTe has Tower than nominal L/D,
drag will equal DREF sooner than nominal and o will ramp down
to its limit of 379, as discussed in the section on first bank
reversal at EIT = 14:17.
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EVENT CUE DISPLAY

Maximum Surface Temperature Region 16 <M <23 AMI
CRT/ENTRY TRAJ 1

EIT = 06:10 (min:s)
VREL = 24.0 x 103 (ft/s)
H =255 x 103 (ft)

R = 3800 (n. mi.)

CREW ACTION: Monitor drag-velocity profile
DISCUSSION

In the Mach region, 16 <M < 23, maximum surface temperatures are
generated on the Orbiter. These temperatures are a function of the
reference drag profile, ranging target, mass properties, elevon
schedule, and aerovariations. The critical surfaces in this Mach re-
gime include the nose cap, wing leading edge, forward chine, body
flap, elevons, and OMS pods.

Using the OFT 400 alpha profile, the body flap and elevons can be
expected to reach temperatures between 20000 F and 24000 F. The
nose cap, wing leading edge, and forward chine should be as Tlisted,
+2 percent.

Canponent Temperature, OF
Nose cap 2550
Wing leading edge 2710
Forward chine 2520

As of March 1983, the 3-sigma temperature limits for these surfaces
are as follows.

Component Temperature, OF
Nose cap (CP1) 2558
Wing leading edge (CP3) 2840
Forward chine (CP6) 2595
Elevons (CP4) 2531
Body Flap (CP2) 2396
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DISCUSSION - Concluded

A drag-velocity profile is designed for each mission so that it
falls between a profile that would generate the most limiting sur-
face temperatures and a profile that defines the 'full-1ift equilib-
rium glide' boundary. This limiting drag-velocity envelope is sub-
ject to change from mission to mission as a function of guidance
I-loads, mass properties, and aero uncertainties.

A drag-velocity profile that (1) would generate the Thermal Protec-
tion System (TPS) material Timiting temperatures, (2) would generate
the 3-sigma value of these temperatures, and (3) is a 'nominal’ traj-
jectory as shown in figure 5-21.

If the generated surface temperature exceeds the material limits of
the TPS, tile distortion and shrinkage will occur leading to still
higher surface and structural temperatures.

For a nominal trajectory, the maximum generated backface temperature

after on-orbit cooldown is 3139 F and the maximum tolerable tempera-
ture Timit is 35000 F.
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Figure 5-21.- Temperature margin boundaries.
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EVENT CUE DISPLAY

Pitch RCS Jets Deactivated § = 20 1b/ft2  CRT/ENTRY TRAJ 1
EAS ~77 kn Pitch RCS activity
EIT = 08:04 (min:s) Tights
VREL = 23.5 x 103 (ft/s) AMI
H = 248 x 103 (ft)

R

2604 (n. mi.)

CREW ACTION: None; crew awareness. RCS pitch jet activity lights

should not indicate further jet firings.

DISCUSSION

Based on a NAV-derived dynamic pressure of 20 1b/ft2, the entry FCS
undergoes a number of configuration changes.

Pitch channel:

0]

Canmands to the pitch jets for maneuver execution and trim are
terminated.

Elevon trim is no longer based on an integral of the elevon de-
flection commands. Elevon position, compensated for speed brake
deflection, is passed through a first order lag filter to form the
trim command. The panel trim command is also summed with the posi-
tion feedback and passed through the filter. The total filtered
trim command is sent to the body flap channel and is also added to
the elevon pitch rate error command.

Yaw channel:

0

The sideslip angle, B, from ATT PROC is no longer sent to the ADI.
The ADI yaw error needle displays an accelerometer feedback Ay,
compensated for aileron deflection, rudder deflection, yaw je¥
firings, and yaw rate. This resultant lateral acceleration is
scaled as a function of angle of attack and sent to the Flight Di-
rector for display. Full scale (t+) deflection of the Towest

error needle is comparable to the authority of 2.5 jets; that

is, if in flight the needle should deflect full scale, 2.5 yaw jets
firing would be required to counteract the torque due to sideslip.
If yaw rate/sideslip does not continue to diverge, 2.5 jets may

be required for trim if the aileron trim integrator is saturated.
Controllability will be marginal. Monitoring Ay during roll ma-
neuvers gives the pilot an indication of flight” control system
performance. Manual takeover may be required if the AUTO system
does not constrain A, within the authority of two yaw jets, par-
ticularly in roll reversals. A more detailed discussion of scaled
A, is contained in section 5.1.6 with interpretation of the dis-
p%ays and recommended pilot actions.

At dynamic pressures of 20 1b/ft2 and greater, lateral accelera-
tion (Ny) feedback is included in the yaw rate error commanding
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DISCUSSION - Concluded

the yaw jet firings. This loop was added to ensure tighter con-
trol of sideslip angles, generated especially in bank maneuvers
in the presence of aerovariations and angle of attack errors.

o The yaw panel trim switch commands are integrated and bias the N
accelerometer feedback. The value of this integrator is displayed
on the TRAJ series CRT displays as NYTRIM. The actual feedback,
which NYTRIM is summed with, is displayed as NY.

o At g > 20 1b/ft2, the number of yaw jets available per side for
control increases from two to four.

Rol1 channel:

o At dynamic pressures of 20 1b/ft2 and greater, lateral accelera-
tion (Ny) feedback is also used to calculate a component, as a
function of angle of attack, of the total roll rate feedback term.
The error between the roll rate feedback term and the AUTO or RHC
roll rate command is converted to an aileron surface deflection
command. The roll maneuver initiatign sequence remains as
previously described at § > 10 1b/ft2.
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EVENT CUE DISPLAY
Drag H Update in NAV Filter Initiated D = 11 ft/s2  ENTRY TRAJ

CRT
EIT = 11:49 (min:s) AMI
VREL = 21.3 x 103 (ft/s) HSD
H =234 x 103 (ft)
R =1713 (n. mi.)

CREW ACTION: Check drag H on HSD

DISCUSSION

The drag altitude computation and NAV filter update Sre initiated
when the onboard sensed acceleration reaches 11 ft/s Simply
stated, the drag altitude is calculated by using the re1ationsh1p be-
tween drag and air density to estimate altitude. (Drag is deter-
mined from the IMU's and air density from an onboard atmospheric
model in software.) Using the model of air density versus altitude,
the altitude can be deduced from the air density, which is deduced
from drag acceleration. The HSD RESID and DRAG altitude ratio data
displays will change from blank to computed values. The drag alti-
tude edit threshold will be set at 80,000 feet. If the ratio is less
than 1, the NAV filter state vector w111 be automatically updated If
the rat1o is greater than 1, the crew has two options.

1. The NAV filter can be forced to use the data in updating the
state vector (ITEM 22 EXEC).

2. The NAV filter can be left to choose whether or not to update
based on the edit routine.

If the NAV filter is forced to update with inaccurate data or if the
update is not initiated because of bad drag altitude data, the state
vector probably will be so much in error that a GCA will be required.
The crew should anticipate this change and be prepared to follow direc-

tion when postblackout communications are restored.
The present crew procedure is always to force the NAV filter to use

the data since they are assumed to be more accurate than H calculated
from IMU's.

Drag altitude computations terminates at VREL <2500 ft/s or until
H <85200 feet.
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EVENT CUE DISPLAY

P

Pressurize MPS Feedlines H = 225,000 ft - AVVI
EIT = 13:40 (min:s)
VREL = 20.4 x 103 (ft/s)
'H = 225 x 103 (ft)
R = 1430 (n. mi.)

CREW ACTION: None

DISCUSSION

MPS feedline pressurization with helium pressurant is initiated by
the GPC's at an altitude of 225,000 feet. The feedline repressuri-
zation is delayed as late as possible during entry to avoid deple-
tion through leakage of the helium pressurant gas but, at the same
time, it must occur above the significant atmosphere of 200,000 feet
to prevent contamination or corrosion. Ground monitoring will con-
firm that the event occurred. The crew backup action to the GPC se-

quence is to manually open the pneumatic valve and the He isolation
valve on R1.
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EVENT CUE DISPLAY

Equilibrium Glide Phase V =19,929 ft/s AMI
EIT = 13:45 (min:s)
VREL = 19.9 x 103 (ft/s)
H = 224 x 109 (ft)
R =1328 (n. mi.)

CREW ACTION: Monitor
DISCUSSION

The equilibrium glide phase is one of the five guidance phases and
nominally starts at a relative velocity of 19,929 ft/s. During

this guidance phase, VREL = 19,929 to 14,493 ft/s, the vehicle

H will be fairly constant at approximately minus 150 ft/s. This
guidance phase is called equilibrium glide because it is based

on a drag-velocity profile that has the fundamental form of equilib-
rium glide flight. (Equilibrium glide flight is defined as flight
in which the flightpath angle remains constant.) Equilibrium glide
flight provides a convenient interface between the rapidly increas-
ing drag level from the temperature control phase and the constant
drag level of the constant drag phase. The crew probably will not
notice when they are in the equilibrium glide phase. If they happen
to be Tooking at the Entry TRAJ display, they would see the DRAG

REF and 'square' symbol jump on the CRT when the equilibrium glide
phase is initiated. The equilibrium glide phase will be automati-
cally bypassed in short downrange cases if the desired constant drag
is reached before VREL < 19,000 ft/s or if the constant drag value
required to reach the target is greater than the desired constant
drag called for in the constant drag phase.
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EVENT

First Bank Reversal

Azimuth error, deg

EIT
VREL

1]

19.4 x

H
R

CREW ACTION:

DISCUSSION

103

14:17 (min:s)
(ft/s)
226 x 103 (ft)
1224 (n. mi.)

Monitor

CUE

A =10.50

DISPLAY

HSI

E

NTRY CRT

The first bank reversal is issued by guidance when the azimuth

error is +10.50,
azimuth error is +17.50 down to Mach 4.

error is ramped to +100 as shown in figure 5-22.
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Figure 5-22.- Azimuth error versus relative velocity plot.

Bank reversals are performed to null crossrange errors; and, if the
reversals failed to occur within the specified deadbands, serious
ranging problems would result.
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DISCUSSION - Concluded

The crew can monitor when bank reversals should occur by a digital
readout of 'Delta Azimuth' displayed on the ENTRY TRAJ displays and
by observing azimuth error on HSI (difference between the primary
bearing pointer and LUBBER LINE). The Shuttle symbol on the dis-
play will also flash when the azimuth error limits are reached.
Nominally, the vehicle will bank to an angle greater than it had been
holding before the reversal. The increased ¢ is necessary to con-
verge back to the drag profile as vehicle drag was reduced (less R)
while rolling through wings level. Also with the addition a modula-
tion, a will increase about 2° while rolling through wings level to
help keep vehicle drag on DREF. The greater ¢ will shallow out and
a will ramp back to the 'canned' a - VREL profile as drag converges
back to DREF. After drag converges, ROLREF on the Entry TRAJ dis-
play should be continually monitored because ROLREF is an indicator
of the vehicle's energy reserve. (The larger the ROLREF number, the

more energy in reserve.)

For extremely long range entries or low L/D cases, autoguidance has

minimum ¢ limits to ensure that crossrange conditions are met while
still trying to satisfy total energy conditions. These limits are

a function of VREL, azimuth direction, and azimuth error as shown in
figure 5-22. Basically, if azimuth error is increasing (i.e., the

Orbiter is banked to head away from WP 1), the minimum ¢ command is
00. If VREL is less than 9500 ft/s and azimuth error is decreasing,
the minimum ® command is 200. If VREL is greater than 9500 ft/s and
the azimuth error is decreasing (banked toward WP 1), the minimum ¢
command is 370 if azimuth error is >13.50, and 159 if azimuth error

is <13.59.
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EVENT CUE DISPLAY

Landing Gear Hydraulic Isolation V = 19,000 ft/s AMI
Valve, System 3, Open

EIT = 14:42 (min:s)
V = 19.0 x 103 (ft/s)
H = 212 x 103 (ft)
R = 1118 (n. mi.)

CREW ACTION: Monitor
DISCUSSION

At a velocity of 19,000 ft/s, the GPC issues a command to_the hydrau-
lic system 3 landing gear isolation valve to drive the valve to the
'open' position. Subsequently, hydraulic systems 2 and 1 landing
gear isolation valves are opened at VREL of 19,000 ft/s plus 10
minutes and VREL of 19,000 ft/s plus 13 minutes 5 seconds respec-
tively. Two seconds after each valve is automatically opened, the
sequence terminates the open command and the valve remains latched
open. The valves are opened in a timed sequence to ensure proper
heating of the hydraulic fluids and hardware components in the land-
ing gear arms before initiation of the landing gear extend commands.

MCC will monitor the automatic sequence operation by noting that the
three landing gear isolation valves have opened. The backup action

for the crew in the event of a malfunction in the auto sequence is
to open the valves manually using the switches on panel R4.

5-74

ENT/5.1:b/FP2



EVENT CUE DISPLAY

Power Up Previously Powered V = 15,000 ft/s CRT
Down LRU's
EIT =
VREL = 15.0 x 103 .(ft/s)
H =
R =

CREW ACTION: If MLS, CRTX - I/0O RESET, EXEC power up LRU's
DISCUSSION

For several cooling systems failures, all navigation sensor's (tacan,
MLS, Radar Altimeter) are powered of f to avoid the heat load they
would otherwise generate. Analysis has shown that the loads are
acceptable from V = 15,000 ft/s until postlanding powerdown. If
using MLS, powerup requires an I/0 RESET, EXEC to incorporate the
data that would otherwise not be sent through the MDM's.

Additionally and for the same reasons, flight controller and instru-
ment power is off and may at this time be powered on.
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EVENT CUE DISPLAY
RCS Activity Lights Reconfiguration g =50 1b/ft2 CRT/ENTRY

EAS ~121 kn RCS activity
EIT = 14:42 (min:s) lights
VREL = 18.9 x 103 (ft/s)
H =214 x 103 (ft)
R = 1500 (n. mi.)

CREW ACTION: None; crew awareness
DISCUSSION

At a dynamic pressure of 50 1b/ft2, the roll and pitch RCS activity
lights are processed by software functions to indicate the flight
control system workload to the pilot. Both left and right sides of
the ROLL Tight will illuminate simultaneously if more than two YAW
jets are commanded on by the FCS. Note that the lights indicate com-
mands from the FCS to the Jet Select Logic (JSL), not actual jet
firings. Additionally, the minimum on-time for a yaw RCS jet to
fire is presently 80 milliseconds in this regime, so the commands to
the light have been lengthened to allow the pilot time to identify
the light flash. The minimum Tight on-time is 200 milliseconds in
this regime, or 80 milliseconds plus a constant of 120 milliseconds.
When the minimum jet on-time is increased below 125,000 feet to 320
milliseconds, the minimum light on-time is 440 milliseconds.

Both halves of the PITCH light will illuminate if PRL issues a flag
for elevon rate saturation; i.e., either left or right elevon is

driving at 20 deg/s or greater with three or two APU's; 13.9 deg/s
with one APU operating.
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EVENT CUE DISPLAY

Constant Drag Phase V = 14,493 ft/s AMI
D = 33 ft/s2 AMI/ENTRY TRAJ
EIT = 17:47 (min:s) 2,3
VREL = 14.5 x 1Q3 (ft/s) CRT displays
H = 187 x 103 (ft)
R =645 (n. mi.)

CREW ACTION: Monitor
DISCUSSION

On the nominal entry profile, the constant drag guidance phase is
entered at a vehicle velocity of approximately 14,500 ft/s. In this
phase, range predictions are based on a constant drag profile until
the transition phase is entered at VREL = 10,445 ft/s. The constant
drag phase provides a profile shape that is acceptable to thermal,
vehicle performance, and flight control system Timits. The crew can
monitor this phase by observing a buildup in vehicle drag (AMI and
Entry CRT display) to a level of approximately 33 ft/s2. This drag
value will remain constant until VREL = 10,445 ft/s where it will
start ramping down when the transition phase is entered. The phugoid
problem is more severe if roll reversals are performed during the
constant drag phase because of the higher drag levels. Under nomi-
nal conditions, this phase starts when the Shuttle symbol intersects
the 33-ft/s constant drag nominal trajectory guideline on the Entry
TRAJ 2 CRT display and continues through the Entry TRAJ 3 CRT dis-
play. For off-nominal cases, if the ranging problem has not been
satisfied by the start of the constant drag phase, the constant drag
profile will be adjusted (based on range error) so that a nominal
transition phase can be flown. (For extremely short-range cases,
the DREF value to fly may be much greater than the nominal 33 ft/s2.
For extremely long-range cases, this guidance phase will be automati-
cally bypassed if the predicted velocity at end of the equilibrium
glide phase is less than 10,400 ft/s.)
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EVENT CUE DISPLAY

Alpha Ranps Down from 409 V ~ 14,500 ft/s AMI
ENTRY TRAJ CRT

EIT = 17:47 (min:s)
VREL = 14.5 x 103 (ft/s)
H =187 x 103 (ft)

R = 645 (n. mi.)

CREW ACTION: Monitor
DISCUSSION

During the entry flight phase, a follows a velocity profile that ini-
tially is constant at 400. At VREL ~ 14,500 ft/s, it starts ramping
down until it reaches ~ 130 at the TAEM interface. This velocity/a
profile was selected mainly to satisfy thermal constraints but it
also satisfies crossrange and flight control system requirements.
This profile flies the Orbiter on the back side of the L/D curve
until about Mach 4. On later operational flights, the velocity/a
profile will go to a 389/280 profile, which has greater crossrange
capability. The crew can monitor a via the AMI or Entry CRT dis-
play. The pitch command needle on the ADI displays a error (a -
acMp). With the addition of a modulation to entry guidance, acMp
can vary from the canned velocity profile plus or minus several de-
grees as shown in figure 5-23. Autoguidance modulates o within the
1imits shown as required to keep actual drag the same as DREF.

When the pitch command needle on the ADI is nulled, the o modula-
tion activity can be monitored by comparing the actual a (<) and

the canned profile a (+) displayed on the Entry TRAJ CRT. When the
actual a (<) is different from the canned a (+) by more than 20,

the actual o symbol (<1) flashes. This will occur on nominal entries
during roll reversals as a modulation increases a more than 20 above
the canned profile to keep drag on DREF. The crew's only indication
of a exceeding its limits are from monitoring a and comparing it to
the 1imits on the o cue card. If these limits are exceeded or if

la - acup| is greater than 10 under steady state conditions, the
crew should take over in CSS and null the a error.
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Figure 5-23.- Entry angle of attack profile.
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EVENT CUE DISPLAY

Point Pillar C-Band AOS EIT = 18:27 CRT timer
EIT = 18:27 (min:s)
VREL = 13.2 x 103 (ft/s)
H = 180 x 103 (ft)
R = 558 (n. mi.)

CREW ACTION: Awareness
DISCUSSION

C-band is used by ground radar stations for skin tracking. At the
time C-band acquisition occurs during entry, the Orbiter is in the
communications blackout phase; therefore, the crew does not receive
jmmediate confirmation of skin tracking. No crew actions are re-
quired. On the nominal trajectory, the ground will have had about
1 minute of skin tracking before S-band acquisition.
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EVENT CUE DISPLAY

IT = 19:20 CRT timer

Call Up HSD to Monitor Tacan A0S EIT =
V ~ 10,500 ft/s AMI

EIT = 19:20 (min:s)
VREL = 10.5 x 1Q3 (ft/s)
H =164 x 10° (ft)

R = 385 (n. mi.)

CREW ACTION: BFS CRT DISPLAY - OFF
GNC - SPEC 50 PRO

DISCUSSION

The HSD is called up by the pilot for tacan and navigation manag -
ment on CRT 3 before first tacan acquisition. Previously the BFS
entry displays on CRT 3 had been used for monitoring the BFS/PASS

attitude error readouts for statusing the health of the BFS in the
event of takeover.

The PASS HSD comes up with the following navigation ITEMS inhibited.
ITEM 20: TAC AZ and RNG
ITEM 25: ADTA H
ITEM 28: ADTA G&C

Page 5-88 explains in detail how the tacans are managed.
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EVENT CUE DISPLAY

Transition Phase V = 10,400 ft/s AMI
EIT = 19:49 (min:s)
VREL = 10.4 x 103 (ft/s)
H =162 x 103 (ft)
R = 395 (n. mi.)

CREW ACTION: Monitor
DISCUSSION

The transition phase starts at approximately 10,400 ft/s and termi-
nates at TAEM interface velocity VREL = 2487 ft/s. During this
phase, a linear drag profile is used as the reference profile shape.
Ranging is accomplished by changing the slope of the drag profile as
a function of the range error. As in previous phases, a reference
drag level (DREF), altitude rate reference (HREF), and L/D reference
are computed. Also, to ensure that excessive aerodynamic loads and
descent rates are not encountered, DREF is limited to a premission
load-factor limit (currently 2.2g) and the bank angle command Timited
to 709 (Mach 8) as an additional protection against excessive descent.
ROLREF is left about 620 at the start of transition and one or two
bank reversals can be expected before TAEM.

Naminal data for the transition phase are as follows.

Event EIT, VREL, DREF, HREF, ROLREF
hremin  ft/s  ft/s2  ft/s  deg

Start 19:49 10,462 33 -255 -62
End 25:48 2,487 20 -260 =21
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EVENT CUE DISPLAY

Speed Brake Ramp to 100 percent M=10 AMI
Speed brake dgg SPI
EIT = 20:03 (min:s) ramp GNC SYS SUMM
VREL = 10 x 103_(ft/s)
H =160 x 103 (ft)
R =362 (n. mi.)

CREW ACTION: Monitor surface command and surface deflection on
speed brake SPI.

DISCUSSION

When in the AUTO mode, the speed brake follows a deflection schedule
based on Mach number. Before Mach 10, the speed brake channel sends
a command of -99 to Priority Rate Limiting (PRL) to ensure that the
surfaces are thermally sealed. The following schedule (fig. 5-24)
is representative for M < 10.

100

65
50

Speed brake
deflection, percent

Mach number

Figure 5-24.- Speed brake schedule.

In the Mach 10 to 3.0 regime, the full deflection of the speed brake
produces a nose-up pitching moment, which allows a counteracting down
elevon trim position of +59. The down elevon trim position is re-
quired for - C”Ga (negative yawing moment due to aileron deflection)

necessary to trim out yaw moments resulting from lateral c.g. off-
sets or a bent airframe. The speed brake position is crossfed to
the elevon pitch channel to calculate an elevon trim contribution.

If the speed brake does not follow the cited schedule within 10 per-
cent, the CONFIG event sequence light will illuminate. The crew can
take manual control by depressing the takeover button on the SBTC
handle and commanding the appropriate surface deflection. If de-
sired, the AUTO SPEED BRAKE pbi can then be depressed to put the
speed brake back in the AUTO mode. The speed brake opening rate is
6.1 deg/s (Hinge Reference Line); and the closure rate is 10.86
deg/s until the softstop at 129, at which point the closure rate de-
creases to 1 deg/s. After the speed brakes are opened at M 10, a
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DISCUSSION - Concluded

minimum speed brake position limit of 159 is required for direc-
tional stability down to Mach 0.6. (Until subsonic, the speed

brake has little effect on the vehicle's L/D or glide capability.)
After Mach 0.6 for final approach and touchdown, the minimum speed
brake deflection remains at 150 to prevent damage to the rudder coni-
cal seal from rudder/speed brake hinge interference due to a design/
manufacturing error in 0V099. At WOWLON, a software event flag in-
dicating touchdown on main gear, the speed brake minimum deflection
is 250.  These limits are imposed in the FCS speed brake channel.
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EVENT CUE DISPLAY

UHF Upvoice and Downvoice Voice N/A
EIT = 20:14 (min:s)
VREL = 9.7 x 103 (ft/s)
H = 158 x 103 (ft)
R =359 (n. mi.)

CREW ACTION: Awareness, uhf communications check.

DISCUSSION

UHF provides a backup to S-band for communications and is used in
case of S-band failure. As soon as practical after emerging from
blackout, the crew may perform a uhf two-way voice check with the
MCC by using the uhf transceiver relaying to MCC through a UHF
ground station.

The main UHF controls are located on overhead panel 06. Circuit
breakers on panel R15 (UHF MNA and UHF MNC) must be closed for uhf
activation. Two frequencies, 259.7 and 296.8 Miz, are available for
normal transmission and receiving, and emergency uhf communications
are available on the guard frequency, 243.0 MHz.
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EVENT CUE DISPLAY

S-Band A0S MCC call HSD
EIT = 20:27 (min:s)
VREL = 9.3 x 103 (ft/s)
H = 157 x 103 (ft)
R = 340 (n. mi.)

CREW ACTION: Manage NAV filter, respond to ground directions
DISCUSSION

No communications will exist between the Orbiter and ground from
before entry interface to S-band acquisition. During this time, nav-
igation may degrade. A combined effort between crew and ground is
required to recognize and resolve the discrepancy as soon as
possible.

Preentry, the tacan A-I-F is set to INHIBIT, BARO to INHIBIT and
DRAG H to AUTO. ATlthough communications are expected to be reestab-
1ished before two tacan lockons, the crew will monitor and control
the NAV filter via the HSD in case communications are delayed or com-
munications failure occurs. Per the entry cue cards, crew management
of the tacans is as follows:

With COMM

If tacans lock on before normal communications are established with
MCC, the crew will leave the tacan A-I-F in INHIBIT until communica-
tions are established, but no later than VREL = 6000 ft/s.

If the ratio <1 and if MCC concurs that the tacan data are good, the
crew will put the tacan A-I-F to AUTO (Item 19 on HSD). MCC typi-
cally has approximately 1.5 minutes of C-band radar skin tracking
before S-band A0S so, as soon as communications are acquired, the
state vector from skin tracking is compared with onboard NAV and
tacan data.
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DISCUSSION - Continued

If the ratio is < 1 and MCC sees that the tacans will degrade the NAV
state, then the crew will be told to leave the tacans in INHIBIT.

TACAN MGMT
RATIO < 1 RATIO > 1 ONE TACAN NO LOCK
LOCKED
PRE-
COMM INH INH INH INH
MCC: MCC: McC: MCC:
AUTO INH (+A STATE | DESELECT TACAN
or or MISSING MODE

COMM| INH (if FORCE TACAN(S) (three)
oK TACAN will or then- - GPC

degrade ZERO A STATE AUTO MCC call at

NAV state) or 118,000 ft

CHG TACAN CH

NO COMM TACAN MGMT

V = 6K
* RATIO RATIO > 1 ONE TACAN NO LOCK *
* <1 LOCKED *
* BELOW V = BELOW V = *
* TROUBLESHOOT 5.5K 5.5K *
* IF BAD| IF BAD DESELECT TAC (three)| *
* TACAN NAV STATE MISSING GPC *
* TACANS, *
* AUTO AUTO |If 1st acq-| then - *
* FORCE AUTO *
* | If not - *
* ZERO A *
* STATE *
* *

If the ratio > 1 and MCC determines that tacan data are bad, they
will update the state vector. If the tacan data are good and the
onboard NAV state is determined bad they will either have the crew
'FORCE' in tacan data or they will send up a delta state vector up-
date. If for any reason it is necessary for MCC to voice an update
to the onboard state vector, the crew will manually enter the data
on the HSD. The manual entry requires approximately 3 minutes. If
it is not determined that the tacan ground station is bad, the crew
will change tacan channels (two ground stations are always available
near the landing site) by changing the tacan rotary switches from T/R
to GPC.
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DISCUSSION - Continued

If for some reason after initial acquisition the tacan ratio has in-
creased to > 1, then MCC might have the crew perform a zero A state
update (Item 16) that would reinitialize the covariance matrix and
hopefully bring the ratio < 1.

If only one tacan is locked on and MCC determines that they would
Tike to update NAV from a single tacan, the crew will prime select
by deselecting the other two tacans (breaks the two-lock require-
ment).

For the no-lock case: If there has been no lock by VREL = 5500
ft/s, MCC will have the crew select a different tacan channel by
going to 'GPC'. If there is sti11l no tacan lockon, the crew may se-
lect the lower antennas (auto antenna selection may have failed).

No comm case: If there has been no comm by VREL = 6000 ft/s and
the tacan ratio is < 1, the crew will put the tacan A-I-F to 'AUTO'.

If the ratio is > 1, the crew will have to do some troubleshooting
to determine whether the problem is with the tacans or in the NAV
state. First check IMU status. If the IMU's were at the two level
and/or they required several updates prior to entry, the crew might
suspect the onboard NAV. Also observe the tacan AZ and RNG behavior
on the HSD and HSI using the HSI SELECT SOURCE switches. If it was
erratic (best observed in the absolute mode), the crew would suspect
the tacans. Finally, select the other tacan station at the landing
site and if the ratio decreased to < 1, then the ground station was
bad. If the ratio stayed > 1 and the tacan data were steady with at
least 2 LRU's locked ON, then the NAV state is probably bad. After
troubleshooting, if the tacan was determined to be bad, the crew
will place the A-I-F to AUTO and let RM inhibit the bad tacan data
(if the tacan later becomes good, the data will automatically be
taken into NAV). If the NAV state was determined to be bad and no
tacan processing has taken place, the crew will then 'FORCE' in the
data (Item 21). If this was not the first acquisition, i.e, tacan
A-I-F was in AUTO and NAV processing of tacan data had occurred,
then the crew would open up the covariance matrix by doing a zero A
state update that would reduce the ratio to <1 and allow processing.

For the no comm, one tacan lockon case, the crew would wait until
VREL = 5500 ft/s before they prime selected. This allows the max-
imum time for two tacan lockon but still gets the NAV state updated
by a single tacan before the critical FCS mark region.
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EVENT CUE DISPLAY

Runway Redesignation Communications HSD
EIT = 20:41 (min:s)
VREL = 8.9 x 103 (ft/s)
H =156 x 103 (ft)
R = 318 (n. mi.)

CREW ACTION: Awareness
DISCUSSION

A capability exists via HSD item entrys to reselect the Orbiter land-
ing runway. During entry, navigation errors or aerodynamic disper-
sions could bias the trajectory or wind conditions could change
enough that redesignation would be preferred. Although this redes-
jgnation during entry between runways can be accomplished by item
number on the HSD, it should not be performed without MCC concur-
rence. Studies have shown that for low-energy cases it may be
better to delay redesignation until TAEM. Regardless, the most ac-
curate trajectory, guidance, and navigation assessment cannot be
made until C-band radar tracking data and S-band telemetry data
have been analyzed and postblackout communications have been estab-
lished between the Orbiter crew and ground-support personnel.
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EVENT CUE DISPLAY

Earliest Opportunity for S-band commun- HSD
MCC State Vector Update ications
EIT = 21:34 (min:s)
VREL = 7.5 x 103 (ft/s)
H = 145 x 103 (ft)
R =251 (n. mi.)

CREW ACTION: Awareness
DISCUSSION

A high-speed ground processor computes delta state vector updates
from available radar tracking data and Orbiter S-band telemetry
data. Position and velocity components in a runway coordinate sys-
tem are time correlated and compared. If the deltas exceed Flight
Rules limits, then a delta state vector update is prepared. The
onboard NAV state can be corrected by a direct uplink command or the
MCC can read the deltas for the crew to input manually via keyboard
entry to the HORIZ SIT CRT display.

The ground delta state processor can evaluate the NAV errors in ap-
proximately 45 seconds. Additional time is required to implement
the corrections; therefore, the current delta state is propagated
ahead to provide an accurate update at the time of incorporation.
For example, assume that at T = 0, a 90,000-foot downrange position
error and a 100-ft/s downrange velocity error exist. If the state
vector update is incorporated at T = 60 seconds, then the velocity
update is -100 ft/s and the position update is -96,000 feet. (IMu
acceleration errors are considered as negligible for the propagation
interval.)

The crew will probably be informed that a delta state vector update

is being prepared if NAV errors exceed Flight Rules limits. They will
be requested to engage CSS if significant transients are predicted

to occur with the auto flight control system selected when the delta

state update is incorporated, and to inhabit external NAV aids to
NAV.
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EVENT CUE DISPLAY

First Tacan Acquisition Tacan range HSD
and bearing
EIT = 21:41 (min:s) data appear
VREL ~ 7.3 x 103 (ft/s)
H ~ 144 x 103 (ft)

R~ 242 (n. mi.)
CREW ACTION: Monitor
DISCUSSION

Tacan acquisition and operation are completely automatic under nomi-
nal conditions. The crew is provided with the necessary controls

and displays to evaluate the tacan system performance and to take

over manually if required. The tacan scheme is based on common chan-
nel operation of the three onboard LRU's; i.e., all LRU's tuned to

a common ground station. Because the three tacan LRU's have differ-
ent antenna locations, they will not all lock on at the same time.
Other factors that affect tacan lockon are vehicle bank angle and
ground station location. A1l three LRU's are manually tuned in the
T/R mode. At MM 304, the onboard LRU's will start searching for

range and bearing lock. They will interrogate with the Tower and
upper antennas approximately 12 seconds each until a range lock is
acquired. After an LRU has a range lockon, that LRU will stay on the
antenna (upper or lower) that has acquired the lockon. In order for
NAV to process RNG or bearing, each component must separately satisfy
a two-lock requirement. As soon as an LRU acquires AZ/RNG data, those
data are displayed on the HSD for the LRU; however, the RESID and RATIO
column for the AZ/RNG data will still be blank until the two lock and
acquisition filter requirements are satisfied (10 consecutive lockons
required for RNG if M > 7.6, 5 if M < 7.6, and 12 consecutive lockons
required for BRG). The acquisition filter guarantees that there is

a steady lockon before the data can be used. Since RM operates at

1 Hz, there will be 10 to 12 seconds before data will appear in the
RESID, RATIO column. Once lockon is lost, the acquisition filter cycle
starts all over again. The two-lock range requirement, however, goes
away after about 30 seconds of initial NAV processing (depends on size
of covariance matrix; if the crew performs a zero delta site update,
the two-lock RNG requirement is reinstated). The two BRG lock re-
quirement never goes away. Typically, two LRU's have locked on in
both RNG and BRG at approximately 150,000 - 145,000 feet.

Because BRG data are not reliable when flying over a station, there

is a 'cone of confusion' check (350 from horizontal, 1100 cone) where
no BRG data will be processed. The accuracy of position of the cone

is a function of state vector accuracy. The crewmen can determine
presence of the cone by observing that AZ data have been and are being
displayed for the LRU's, but the AZ RESID/RATIO data are blank. While
in the cone, RNG data are still used to update NAV (the RNG RESID/RATIO
data are displayed). One should not initially process tacan data (AUTO
or force) while in the cone because the resulting NAV errors may be
large and loss of control has resulted in simulations.

5-91

ENT/5.1:b/FP2



DISCUSSION - Concluded

If BRG data from an LRU differ from the others by 60 or more for 10
consecutive cycles, the BRG data from that LRU will be deselected
and a '¥' will appear by that parameter. If range data from an LRU
differ from the others by 3000 feet for five consecutive cycles,

the range data from the LRU will be deselected and a '+' will appear
by that parameter.

If there are three LRU's available, RM will MVS by parameter. At

the two-LRU level, RM will take the average by parameter and will

use data if only one LRU is available (may have to prime select to
break two-lock requirement). If there is a dilemma, no data are
used. Operation in the T/R mode precludes self test. In the 'GPC'
mode, there is an automatic self test when in a dilemma. After
steady lockon has been achieved, a postselection filter will prevent
any sudden data changes from being processed (if there is a change

in BRG of 4.50 or change in RNG of 10,000 feet in one cycle, the fil-
ter will inhibit the data).

Management of the tacans is discussed in detail in the section on
S-band A0S, page 5-86.
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EVENT CUE DISPLAY

ADTA Data into G&C and NAV M=5.0 AMI, AVVI
SPEC 051
EIT = SPEC 050
M>5.0
H >
R >

CREW ACTION: Monitor ADS DATA upon MCC call
Incorporate ADTA-H (Item 25, SPEC 050)
and ADTA-G&C (Item 28)
DISCUSSION

At EI - 5 minutes when the crew PRO's into MM 304, ADTA-H and ADTA

to G&C comes up in INHIBIT. MCC monitors the ADTA data after the
probes are fully deployed at M = 5.0. If the data look good, MCC will
have the crew put ADTA-H and ADTA to G&C into AUTO before M = 2.5 al-
lowing barometric altitude to update the NAV and ADS parameters to

be used by G&. In any case, ADTA data will not update NAV or GNC
until M 2.5. DRAG-H will continue to update NAV until M = 2.5. If
the ADTA data will degrade the NAV state, the MCC will advise the crew
to leave ADTA in INHIBIT. 1In the no comm case, the crew will determine
whether the data look good or not (via SPEC 51) and if the ratio is
less than 1, they will select AUTO. If the ratio is greater than 1
and tacan data have been satisfactory, they may leave ADTA in INHIBIT.
If there has been no tacan updating and the ADTA data appear erratic,
the crew will select AUTO and let the RM system perform its data edit
function. If the ADTA data are steady, they should select FORCE and
after the ratio is less than 1, select AUTO.

NOTE: In the BFS, ADTA-H is left in INHIBIT to keep the BFS state
jsolated from external measurements (tacan and ADTA). How-
ever, the ADTA to G& is left in AUTO in case the crew must
quickly downmode to the BFS, thus air data will be available
for flight control. The ADS parameters used by G&C are shown
in table 5-V.
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DISCUSSION - Continued

TABLE 5-V.- ADS PARAMETERS
(a) Used by flight control

Parameter Use

Angle of attack, o

channel

Lateral axis turn coordination term

Dynamic pressure, { Gain scheduling for all channels

Mach number, M Gain scheduling for all channels

True airspeed, TAS

Switching logic to inhibit yaw jets

Compute stability axis rates for lateral

Lateral axis turn coordination terms
Longitudinal axis gain on Nz command

(b) Used by guidance

q TAEM normal acceleration limits
TAEM speed brake control
M TAEM bank angle command Timits
Initiation of TAEM active speed brake
modulation
TAS TAEM S-turn gain compensation

Autoland acceleration command calcu-
lation during flare to shallow glide

slope

EAS Approach/land speed brake control

The preceding ADS parameters are automatically input into
G&C provided:

O 0 0O0

A probe is deployed.

VREL < 2500 ft/s.

No dilemma exists.

A-I-F is in either AUTO or FORCE (FORCE < 2500 ft/s).
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DISCUSSION - Continued
Pressure altitude (ADTA-H) is used by NAV provided:

0o A probe is deployed.

A-I-F is in FORCE.

No dilemma exists. :

Not in Mach jump region (1.1 <M < 1.6).

A-I-F is in 'AUTO' with ratio < 1 and VREL < 2500 ft/s or AIF =
Force and Vrel < 2500 ft/s.

0O 000

After ADS probe deployment at VREL = 5000 ft/s, the 'L' and 'R' posi-
tions of the Air Data switch will display ADS probe-sensed parame-
ters on the AMI and AVVI, with the exception that A1t Accel (H) on
the AVVI and 'ACCEL' on the AMI will always display NAV data. This
allows the crew to check good deployment of the probes by moving the
ADS switch 'R,' then 'L.' In the event of an ADTA failure or di-
lemma, the override display availa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>